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ABSTRACT

P

Red cowpea (Wgna unguiculata) ﬂours and protem conccntrates were prepared by dry

and wet processmg techruques Dty dehulling, using a PRL abrasrve dehuller, gave 75% yrql

_of dehulled seeds. Dry dehulled flour was double air classified to produce high starch and

protein fraction according to .cumulative particle size distribution. Protein and starch

separation efficiencies of . double air classification were 81.44 and 94.04%, respectively.

———

- Dehulling of red cowpea ‘seeds using a rough surface stone mlll for wet dehulling technigue’

was also investigated. The optimum conditions for wet dehulling included soaking the seeds
for 8-10 h at 30°C and adjusting the stone clearance to 3.5 mm. About 70% yield of dehulled
seeds with 2% hull remalmng and 20% cotyledon loss was obtarned Red cowpea starch isolated
from whole seeds by wet processmg ‘produced an average yreld of 34, 1% with 75.9% recovery,
while starch fraction II from air classrfncatron ;m the dry process produced 67.2% yield and
82.0% recovery Red cowpea isolated protein from wet processing produced an average yield
of 19 4% with 64.8% recovery. Morphologrcal studies showed various shapes and -sizes of -

starch granules, ranging from 2.5 to 32.5 um. 'I'he variation was due to the effect of impact

; milling on starch granules and protein bodies in cotyledons as well as the shifting of those

portions by air classification. Chcnrical compo_sitioris of .wet and dry dehulled flours were the
same and were similar to other non‘-ojl legume l‘lours. Fat, minerals, dietary fiber 'and sugars
were found to concentrate along wlith the protein fraction, almost double the amounts found
in the flour. Wet dehulled flour had ’lower sugars and damaged starch than dry dehulled flour.

No damaged starch was detected in isolated starch from wet processmz Amylose content ol” ’

red cowpea starch was 24. 18% (as is), whrch was in the range found in other legume starches.

F,atty acid profrles of dry and wet dehulled flours, protcm fraction, and isolated
protein were sumlar. However thsre was indication of enzymatic _chang&s in -wet, dehulled
flour and isolated 'protein resulting from activation of enzymes by soaking of the swds Asa
result, off- flavors were more pronounced in the products produced from wet dehulled flour
and tsolated protein. Amino acid profiles of the cowpea flours produced gnth both techniques

were- also the same and were similar to isolated protem and other legume proteins, having’

lV



sulfur-contgining ' amind" acids as limiting amino acids. From SDS-PAGE, prominent
molecular weights of red cowpea protéins were between 45,000 and 65,000 daltoﬂs. with the
highest protein subunit at 115.300_da1tons. By wet heat processing, isélatcd protein of red
cowpea underwent dissociation, aggrcgétion and denaluration‘.trcsulting in very low solubility
of protein and low biological quality. The isoélecu{c pbim of red cowpea proteins from both
wet and dry dehulled flours was at pH 4.4 from solubility profile, .which displayed a similar
pattern to other legume proteins. Tannin ;:ontent in red cowpeas was relatively low, about

3-4.5 mg/g whole seeds, however, trypsin inhibitor (11.3 TUI/mg sample) was hiéhcr when

N
7

comp_aréd with other cowpea cultivars. About 75% of i,(fypsin‘ inhibitor activity was reduced by
nalild‘ héat treatment in wet isolated red cowpe&ﬁ "‘pfoteiﬁ. Protein fractions from air
classification had the lowest density, while isolated protein had the highest density. Starch
fractions _from‘dry_proces\s exhibited the highest fedness due 10 the presence of a greater
quantity of hull. 4Intenskity of red and~yellow colors in wet dehulled ﬂpur were lower than in

- dry dehulled flour. Isolated red cowpeé and mung bean starches had similar color values.

/

- Gelatinization temperature of red cowpea starch (64-68-74°C) under a hot stage microscope.

was similar to that of mung bean starch.

' At higher water*and stafch ratios ('3.(,)0 and 2.00), 'DS'C thermograms shOch a single
endotherm with To of 68.5-69.0°C; Tp. of 73.0-73.5C; Tm of 79.5-80.0°C; and -A}:l of 4\.0~476
cal/g starch. Pasting properties of red cowpea starch showed a type C amy]ograplh curve, the
same as mung bean starch. Pasting properti;s of tapioca starch cquld be maxiipuiatcd by
mixing with various levels of red cou)pea ‘starch. Dough mixing properties of red conea-
wheat composite ffm's indicated their potential uses in_baked products. Water and- oil
absorptions of cc;wpea flours were increased wifh the increase in protein contents. This was

also true for emulsifying activity and foaming properties.. However, denaturation of protein in

the isolated red cowpea protein reduced its emulsifying &cu'vity and. foaming properties.

Emulsion and foam stability was quite similar in -all samples. Biological quality of red
cowpeas was the same for all cowpea flours, with average PER of 1.66. Biological quality of

raw seeds (PER) was improved by coo‘kihg. from PER 1.41 10 2.06e PER of isolated propcin
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substituting, 40% of tapioca starch with (

was the lowest at 1.23,
* Satisfactory products were obtained by using suitable levels of red cowpea flours and
starch. Substitution of wheat flour with 10% of wet or dry dehulled cowpea flours or 20% of

cowpea protcm fracuon in soft buns was acceptable Also, protein fortefied cookies could be

uffed snacks could also be produced by
strch “ffaction I, or wet or dry dehulled

. AN
flours. Acceptable emulsion-type sausage was produced with 5% of cowpea starch fraction

§;"I+II,-protcin fraction I, or wet dehulled cowpea flour, or 10% of dry dehulled cowpea flour

by weight of lean pork as a binder. Finally, transparent noodles produce& from red cowpea

starch had similar quality to those from mung bean starch.

e
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1. INTRODUCTION -

The northeastern region of Thailand is the largest in terms of area and population.

Thé important crops of the region are cassava, kinaf and corn. Rice production is just

;uffjcien't for local consurnption. Generally, crop yields in the northeast are low due to the
poor soil_; and erratic rainfall. Resources, such as sait deposits, natural gas and oil were only
discov‘ered quite recently. However, these resources have not been effectively exploited in rhe
development of the region. The '?eopie of the northeastern provinces are still considered the
poorest in the country. This lower sta_ndard' of living‘ is reflected in the prcvnlence of
malnourishment, especially among children. - ’

In order to develop a pool of quahﬁed workers and increase the well-being of low
income families, \mprovement of the nutritional level of local diets: ‘musl be viewed as one of
the top ‘priorities in the development of the region. Accordmgly. Iow %cost hrg.h Protem food
sources must be developed or be made accessible to the low mcome group Oné Way t; ’Ef'd’mms

is 10 encourage farmers, who constitute about 85% of the population, to grow their own
. c &

- source of protein.

Red cowpea 6-1 US (Vigna unguiculata) was introduced as a high protein crop to the

v1l]agers in Khon Kaen provmce in 1979 by the Home Processed Legume Project, Khon Kaen ‘

Umversrf; supported bv the International Development Research Centre (IDRC). It was
seleeted because of its suitability to the growing conditions in the region and its high protein
yield per hectare, which‘ is second only to peanut among the legumes available in northeastern
Thailand (Table 1.1). _' o o

Red cowpea has since been cultivated and consumed in the form of both /the green
vegetable and malure seeds. The utilization of whole seeds in the main native drsh\:é’ snacks

‘and desserts was subsequently developea and promoted by the Home Processed chum‘es

- Project (}*Jgarmsak et al., 1981). The recipes which were developed have been well accepted by

the villagers. However, they want to not only use cowpeas in their daily meals, but to grow

|

them as a cash crop. This leads to the need to increase the consumption of the crop in order.

1o create demand One effectrve way to do thrs is to promote the use of the peas in forms

!



~
Table 1.1 Crop yield, protein content and protein yielg of available legumes in the northeast

of Thailand (source: Srilaorkul and Ngarmsak, 1979).

--------------------------------------------------------------------------------------

Yield Protein’ ' - Protein
Type . (kg/ha) (%) (kg/ha)
Black bean (local) 469 281 132
c_:»}m (local) | w03 269 25—
Cowpea, red (6-1 US) nme 219 307
Mung bean (M-7-A) 467 24.8 | © 116
‘Mung bean (MG-50-10-A) 469 27.1 | 17
Mung bean, black (local) o C 156 256 . @
Nang bang bean (local) | . 23.7
Nang Kaew bean (local) 28 |
Peanut (Taiwan #9) : 1563 . 23.6 - 369
Soybéan Y 379 154

e L I A LI R R N I A R I I

! as dry basis



-‘ c.g. ﬂour and starch. Thus, red cowpea will be grown as a cash crop

mdustnal use, and farmers can either keep whole cowpea seeds for

Small and large scale
food processing plant

Farmer (growing for ;‘young -—~Semi-processed, processed
pods and mature seeds) and specialty foods

\ Urban population /

Export

With Lh*fs“approach, it is hoped that (he farmers' interest in growing cowpeas can be
sustained and, through direct and indirect codsumption of cowpeas, the nutritional problems
of the poor villagers can be reduced. |

However, bgfore red cowpea and its prodUcis can be used in the manufacture of
foodstuffs, processing techniques to convert the peas into flour, starch and protein, and the
. chemical and functional properties bf these fractions must be investigated to determinc their
suitability for the intended purposes. Therefore, this research. wa; carried out to cover the
following studicsf
1. dry and wet 'processivng methods of cowpea flour, starch and protein.

2. ,chemical’ properties of cowpea flour, starch and protein pbtained from dry and wet
processing techniques: , ‘ . -

3. physical and functional properties of these cowpea fractions. )

4. Dbiological evaluation of cowpea protein.

S. uses of cowpea flour, protein, and starch in cho§e_n food products (soft-' bun, cookie,

pu’ffed snack, emulsion-type ,saﬁsage. and starch nopdlc). o
Wet processing method, biological quality of protein and uses of cowpea in food

products were studied and evaluated at Khon Kaen University, Khon Kaen, Thailand. Study

;



on dry processing technique, pa}\ticula’r'ly air classification of éowpea flour, was conducted at
the Prairie Regional Laboratory, Saskatoon, Saskatchewan. For the rest, chemical and

functional properties were mainly détermined at the University of Alberta.

)

*



2. LITERATURE REVIEW

2.1 General Characterlstics of Cowpeas
Cowpeas (Vigna unguiculaia) are believed to have evolved in Africa (Sauer, 1954;
Dovlo et al., 1976; Bishop ef al., 1983) and are now widely cultivated throughout the tropics
and 'sub_tropics. They are also kr}gwn as crowder peas, blaék-eyed peas Aand southern peas.
Gcnerally‘;iowpeas thrive in a wide range of soils, from highly acidic“to neutral. They tolerate
heat and relatively dry conditions, growing with little rainfall. In ’addition. they ;:an be
successfully grown in adequate yields at relatively low level§ of soil fertility and even in a
moderate amount of shade (Duke, 1981). |
| Red cowpea 6-1 US, v;hich is light insensitivg, is a cultivar which can be grown before
or after rice cultivati.on and is one of the crops which are suitable for the cropping system in
ngrtheastcm Thailand (Polthanee, 1981). The plant is a dwarf form about 50 cm in height
" and produces violet flowers about 35 days after seeding. Within the next 25 days, mature pods
are fgrmed each about 12 c¢m in length and containing about 12 reddish-brown seeds per pod
(Louadtong, 1983). Therefore, its growth period 1s about half that of peanuts. Usually. only
two harvest of mature pods are necessary since the pods mature at almost the same time. .
Both short harvesting time and the uniformity of the pods save time and labour costs. These
two characteristics, 'togethef with a high yield and less demanding growing conditions, are
important considerations in the selection of this cultivar of cowpeas. After sun drying.for 2-3

days, the pods are threshed to obtain dry seeds.

2.2 Physical Properties of Red Cowpea

Srilaorkul and Ngarmsak (1979) studied the physical properties ot: 20 cultivars of
cowpeas before thg red cowpea 6-1 US was selected and introduced to 6 villages in‘Khon Kaen
province, Thailand. They reported that the average size of red cowped, expressed as wpight of
100 seeds,” was 12.16 g. The seed coat was about 12.20% of the md on a dry weight basis. |

They also reported that cooking time, the time required to cook dry »segds’ in boiling water

- - -




until 50% of the seeds were split. w;s 20 min, and the cooking broth contained 1.11% ;dids )
(wet basis). Both cooking time and the extent of solid loss in the cooking broth indicate the
relative advantage of cowpeas in meal preparation in terms of energy saving and solids

retention, which relates to the loss of nutrients.

2.3 Composition of Seeds :

2.3.1 The structure of mature seeds

'f'he seeds éf légumino'\xs plants are generally similar in structure (Duffus and
Slaughter, 1980a). The bean seed is made up of three :;natomical structures, i.e. the seed coat,
the cotyledons and the embryonic axis, as shown. in Figure 2.1. The hilum is a large oval scar
.near the middle of dne edge where the seed breaks away from the stalk. It is permeable to
water. The micropyle, originally the site wher\é the pollen tube entered the ovule, is a small
opening in t.he‘- seed coat next to the lulum and i§ the passageway for 'radicle during
- germination. The raphe is a ridge representing the base of the stalk which is fused with the
seed coat during maturation. The éotyledons contain stored nut‘riems. ‘that syftain the
embryomc plant at germmauon The embryonic "axis, WhiC/h ca'n be seen easily during
germmauon consists of the shoot, mcludmg a short axis below the cotyledons and one above’
the cotyledons, Whlch has several foliage leaves and terminates in the shoot tip, and the
) radicle. Carbohydratcs and protems are the maJor nutrients in the endosperm, except in
oilseed endosperm, in which. lipids are one of the major nutrients (Duffus and Slaughiter,

1980b) ;

!
{

2.3.2 Carbohydrates

Edible legume seeds contain 3-8% crude fiber and 57-65% total soluble"carbohyd:ales
(Bressani and. Elias, 1974). In cowpea chlu'vars. crude fibers range from 2.4-7.6% and
nonfiber carbohydrates f‘rom 62.6467.f% on a dry weight basis (Elias et al., 1963; Ologhobo

e
— —

and Fetuga, 1982; Phillips, 1982). .
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Figure 2.1 B;ari seed structure (adapted from Weier ez al., 1974).
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Dtetary ftbers in some legumes range from 15 3 25 6% (Kamath and Belavady, 1980)
Dtetary ftbers are def’ med as. plant materrals, espectally cellulose. henucellulose and soluble
substances such as water - soluble polysaccharrdes pecnc substances and lrgnms thaf are not
degraded bynthe enzymes . of the human drgesttve tract. Thev have a- number of "positive
health related propernes For example they actrvate the physrologtcal sanauon processes act )
-asa buffer for stomach acrd and bind toxic substances thus normalmng the drgesnve process"" '

(Sprller and Amen 11975; Lettzmann 1984) o 5

The starch is Focated in the cotyledons of the legumg seeds as granules embedded ina

dense pr0tetnaceous matrrx, Accordtng 10 Tolrnasqurm et al (1971), tho average size of - .

cowpea starch granules from 5 cultrvars ranges from 10- 40 um, with the gelatrmzatton
BN ¥ '

g _'3 temperature rangmg from 64 78C and rodrne affrmty values from 5 36 5 5%. Longe (1980)
| reported that starch content of 20 vartetres of Af rtcan cowpea ranged f rom 25 5 43% on a dry- . |
atter baSlS Arora and Das (1976) on. the other hand, f ound starch in 22 cultrvars of Indran ‘
cowpea to range from 50. 66- 67 00%, erth the amylose content ranging from: 20 88- 48 72% on
‘a dry matter basrs ‘ | ST LT o ‘ 8 - ‘
L , The total sugar content qlﬂ;k@fncan cowpea was found to be 8. 12%, with stachyose.
) ‘v." ‘4..99% dry basrs (‘El Faki et al., 1983). Total - sugars tn 22 Indian cowpea cultivars were -
13.75-19.75%, vwith  reducing sugars v-'between' 1. 55;4 05% (ArOra and Das, rl’97d~)
Oltgosaccharrdes especrally raffmose stachvose and verbascose, have been found in some
‘legume seeds and have been tmpltcated as the causatwe factors of flatus (Hellendoorn 1969;
Rackls e al., 1970 Wagner et al., 1976 Flemmg, 1981) Smce the a-galactosidase enzyme is
- not tnherently present m the human dtgesuve system these olrgosaccharrdes wrll be fermented |
by mtcroorgamsms -with the formanon of carbon droxrde hydrogen and methane in the: large
mtesttne Akpapunam and Markakxs (1979) reported that; on a dry basrs the average contents:

,‘ of rafftnose stachyose and verbascose 1n 13 American <:owpea CulthaIS ‘were 12 3 4 and

0. 9% respecuvely ln 20 therran COWpea cultrvars the average contents ‘were 0.7, 2 7 and. 4 |
3 6%. respectrvely (Lﬁnge 1980) | | | | o

[ . K ) N . - Uy



" Nielsen et al 1980 Sosulskx 1983)

' 2.3.3 Protein -

Storage protems of legume seeds are an important source of protem for humans m the

' troplgal ‘fﬁreas of the world. Especrally where 1o00ts, tubers and starchy vegetables are the

prxmary sources of dxetary calorres, legume seeds, /serve as a much more important source of

' .gprbtein; Protein: bodies are embedded between' starch granules in the legume seed "ootyledons.
+ The proteins in legurne seeds can be classified into -four groups, i.e. albumins, globulins,

: glutenlinsjand_ prolamins (Duffus and Slaughter, 1980b). The globulins are minor constituents |

N &

of the cereal grains. However, in most leguminous seeds they account for well over 60% of

total proteins. Water  :zac able proteins of cowpeas were characterized by Sefa-Dedeh and

Stanley (1979a), wk. -epes:  that sedimentation of the proteins yielded four fractions with

S, values of 3.1, 8, 1:.. md 14.6, with the 8 S fraction being. the predominant species. Four

‘major fractibns \‘vith‘rnole‘cular weights‘of approximately 13,000, 20,000, 25.000and 50.006
and a high(t‘%‘\tolecmar ‘weight fraction (>600.000) were’ detected. Se'fa-Dedeh and Stanleyb
(197§b) found that, at a constant ionic strength of -1‘.0} (u). the isoelectric pqint of extractable
cowpea protein was 4.4, with about 40% of the proteins still being soluble. Without ’adjusting»

the ionic strength the isoelectric pomt was found at pH 4.0, with about 10% of the protcms

: bemg soluble (Molina et al., 1976) A charactensuc pH solubthty curve of cowpea protems is

shown in Figure 2.2. '
The most suitabie method for estimating the. potential nu”tritional value of proteins

-
appears to be chemical analysrs of the constituent amino acids. The amino acid content of
cowpeas was studied by Evans and Bandemer (1967) and’ 1t was found that -methionine is the

most limiting ammo acid when compared with the FAO pattern of amino acid requirements.

The amino acid contents of cowpcas from different cultivars and different sources are shown

in Table 2 1. It is clearly 1nd1cated that cowpea protetn is rich in lysme whrch is lackmg in

cereal protem Therefore, the combmatron of cerea] protems and cowpea protems has been ‘

used to improve the protem quality of diets in the same way that other legume .proterns.are,

used in the foruf:cauon of cereals (Sawar e al., 1975b; Godfrey-Sam-Aggrey’et al;,_ 19_7\6:;



Table 2.1 ‘%Aminq acid cd

io .

...........................................

.....................................................................................

Aspartic acid
Threonine

Serine

Glutamic acid

Proline
‘Glycine
Alanine
Valine
"Mémiompe -
léoleucihe '
Leucine
Tyrosine m

‘ Pheﬁyialénine

Tryptophan '

" “Ammonia .

Cysteine

:.Lysine

T e

. Histidine
7

2.8

4.2

2.2
4.2
4.8

2.8 -
14

4.8  ;
10

4.0

16 .

5.3

1.4

4.0.

--------------------------------------------------------------------------------------

1. Evans and Bandemer (1967) FAO, from FAO pattem of amino acid requirements.
‘1 Elias et al. (1963)..

3 Okaka and Potter ( 1979a).

¢ Ologhobo and Fctuga (1982).
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protems However such methods have lnmted value because they do not take tnto account the g

digestibility and avarlabthty of amino acnds Therefore; the biological evaluatxon of protem

"Chemical analyses of amino acids can give a good inditation 'of ‘the value of 'legurne L

quahty in relatlon to human nutrmonaf‘. needs is also 1mportant, especrally rn the developmg o |

' countries where‘ high-quality animal protein is 'not a major source of protein. Methods 'fér’
R .t PO .
the bidlogical evaluatron of protein qual‘i‘y bave been developed and modrfred many trmes ’

- over the last 25 years. However there is no better method avatlable at present than growth of ’
the weanling rat, wh:ch is the standard used for regulatory purposes by the govemments of :
both the- Umted States and in Canada (Jansen 1978) Protemrquahty is often determmed ing
terms of the protem ef fi u:rency ratio (PER): ) '

2

4 PER —'wenght gain / protem consumed

and brologrcal value (BV): ' o ' . o Y
o BV = mtrogen retained / nitrogen absorbed o ,‘
(Thompson and Erdman «93;) Digestibility and amino acid- avallabltlrty can be mcreased by .

{
heat processmg since denaturation of protein is thought to be the mechamsm for the mcreased .

5

. digestibility and the inactivation of mhxbttory substances v

[

2. 3 4 Llptds X ,

Lipids are hrghly digestible and provrde both calones and essenttal fatty acids. The
- lipid content of legume seeds consists of a relattvely small percentage “of the overall
composrtron varying from 1 6% dependmg on -the . cultivar - (Bressam and Eltas 1974) _ .
Ether- extractable lipids in cowpea seeds range ,_Qm_LOJ.B%—dry basrs (Eltas et al 1963
Okaka’ and Potter, 1979; Ologhobo  and Fetuga. 1982; Phillips, 1982 McWatters 1983)
Korytnyk and Metzldr (1963) analysing cowpeas ‘with 1. 5% total lipid, found an rodme value , H
- of 126 and an unsapomf iable matter content of 10%. Fatty acids consisted mamly of palrmuc |
linoleic and hnolemc acxds together wrth smaller amounts of stearic and oleic acrds Table 2.2

shows the fatty acxd composmon oF eowpeas as reported by.Ologhobo and Fetuga (1983a) '
and Korytnyk and Metzler (1963)
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.~ Table2.2 Fatty a;n:id composition of ‘c‘:owj:eas‘ (as % of total fatty acid con't“cnt),k. ‘

J Cowpea Sample Source

"o i

 Total ether extract (%) | 15 o 1.9
| T B i 4 © trace | 0.06
14:0 co trace 0.20
1620 | . 325 | 25.1
161 ST e k 034

18:0 o “w 5.48

18:1 R 2. 1

S s B 312 317
1833 o o0 | 188

20:0 o R , 2.9

' Korytnyk and Metzler (1963).
~ 1 Ologhobo and Fetuga (1983a).
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- Off flavors and beany flavor of coypeas and beans arc believed to be results of lipid

oxidation, especially byk the action of lipoxygcnase starting from fracturing of 'cotyledons to
storagc of the products (Haydar et al 1975 Wolf, 1975 Sumner el al 1979). Therefore,
hngh tcmpcrature is suggested to mactlvate hpoxygcnase during processmg. using such methods
as: (a) gnndmg with hot water; (b) ‘dry heatmg»extrusxon cookmg, (c) blanching; and (d)
4 grinding at Tow pH, followed by cooking. For example, aaproposgd method for de&reasmg
beany flavor in cowpea powder is 'io soak cowpeas in acidified. water (pH 2 or 6), ‘dehull,
) slanch-in 100'C‘s;eam. grind and drum dry (_Okalsa and Potter, 1979a,b). This method .séemed
to succeed iﬁ reducing beany flavor. However, the nitrogen solubility iﬁdek of c6Wpea protein
was marliedly-redué:ed by drum drying. and the proberties of cowpea powder, e.g. the ease of
dlsperswn in cool water water and oil binding, oil emulsxfxcanon foammg swellmg and

viscosity, changcd as well

2.3.5 Minerals and. vitamins

The total min‘erals‘ :in fooﬁsare determined in terms of ash conte;ns. Major elsments ‘
- are potassium.' phosphqrus. magnesium and calcium. According t6 Bressani and Elias (‘19_74),
the ash content of legumes rangés from 2.5-4.2%. Pposp_horus is found in the largest
amounts, sveraging‘about 300 iﬁg/iOO g beans. The calcium cénient is quite va'riable,'
averaging aroun"dlloo mg/lod" g beans; i.e., legume seeds are a poor source of this nutrient.
The concentrstion of iron varies from 5-12 mg/100 g, making legume seeds a fai; source of
this nutrient. |

The total ash found in cowpeas ranges from 3.0- 4 3% dry basxs (Ehas et aI 1963

o Okaka and Potter, 1979; Ologhobo and Fetuga 1982; McWatters,. 1983) The total phosphorus

content is about 382-480 mg/100 g. Ologhobo and Fetuga (198_2) -and Longe (1983) have
‘ "reported ‘the mineral 'combosition of cowpea cultivars, iﬁ mg/lOO g seeds dry basis to be:
’382 480 P; 58-99 Ca; 124-220 Mg; 1880-2180 K 2640Na 2040Mg.35 -11.3 Fe; 1.0-1.8 |
'-Cu.‘ and- 5.3-8.5.Zn. In the seeds more calcium and less phOSphomS were found to

concentrate in the seed coat thah"ﬁin gh{;étyledons, and iron contem was shghtly hxgher in the
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seed coat (Singh et al., 1968). Howew}er. the size of the cotyledons in Jelation 10 the.whole
seeds is muuch larger, hence tl_lese nutrients are present in greater ameunts in this l‘ raction,
| Unfortunately, minerals from plant sources are less bioavaileble -than.’frem animal
sources (O'Dell, 1969). The mineral bioavailability gener'allyv depends on the digestibility of
legume foods, chemical form of the elements presence of mineral chelators, and food
processing conditions (Fntzl 1976). .

Cowpea seeds are. consndered to be fairly good sources of thiamine, riboflavin and

niacin, rangmg from 0. 58 1.33, O 14 0.30 and 1. 11 1, 60 mg/lOO g. respectively. (Cowan and
Sabry, 1966; Ogunmodede and Oyenuga 1969) Pyndoxme pantothenic acid, biotin and fohc
acid were found to be present at levels of 0.29-0.40, 1.82- 2 18, 18.4-25.2 and 0. 1f 0.16
‘m“gZIOO g. respectlvely (Ogunmodede and Oyenuga, 1970). In_addmon to the B-complex
. group, ascorbic acid (vitamin C), vitamin K and tocopherols are present in legume seeds
_ (Bressani and Elias, 1974). The concentration of vitamins increases duriné gex:,niinzltion. which

indicates the benefit of this process on the nutritional value of legume seeds (Kylen and

McCready, 1975; Vanderstoep, 1981).

2.3.6 Some important antinutritive factors.
| It has been recognized l'or maxly years that the biological ‘availability. and digestibility
of legume proteins are very poor unles_e they are sul)jected to cooking or other forms of heat
treatment. The ‘depression in protein availal;ilirv and " digestibility has been well known due to
the presence of antinutritive compound .. -«.—¢ -eds The best known of the antinutritive
factors are -protease inhibitors (Lien: ~. whe Lloire proteins that have the propertly in
vitro of inhibiting proteolylic enzyme 73 winding (v e enzyme, apparently in a (1:1 molarl
ratio (Liener and Kakade, 1980). The iu:fibiza=. - generally named as an inhibitor of the
_ first protease again"st which they have been tesled,r"usuglly trypsin. The inhlbitors, showing a -
1:1 inhibition of trypsin, héve MW of 8.000-10,000. There are also a few inhibitors that can
. inhibit 2 moles of trypsin- per mole of inhibitor. Those inhibitors have MW of 2000023000

(Sgarbieri and- Whitaker, 1982). The trypsin inhibitors also inhibit chymotrypsin, therefore,

]
-
L
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they are frequently referred to as trypsin-chymotrypsin iphibitors.
The try_psin-chymotry;}sin in)gi‘bitor in cowpeas was found to be of low mplecular
- weight, 10,000 (Liener and Ka‘kade. 1980). According to Gennis and Cantor (1976), two new
double-headed protease inhibitors were found in cowpeas. Both have a molecular weight near
8000 They are.cowpea chymotrypsin and trypsin inhipito-r. inhibiting both simultaneously,
and cdwpea trypsin ‘inbibitor. inhibiting 2 molecules of trypsin simultaneousiy. The u:ypsin .
inhibitor activity of‘ cowpea cultivars was' found to range from 19.6-28.2 ti’yp%in units .
inhibited (TUI) per mg protein, with an average value of 23.7 TUI per mg profeih (Ologhobo
and Fetuga, 1983b). | '
The distribution of protease inhibitors in legumes is paralleled by a group of pfbteins.
" the so-called phytohemagglutinins, or lectins, which can aggldtinéte red blood cells in vitro
(Liener, 1974). The toxicity of -phytohemaggludnins was s_tudied with mice and was found 1o
give #n LD, of 50 mg/kg body weight (Sgarbieri and Whitaker, 1982). Besides their toxicity.
the phyto.hcmagglutinins also play "an important role in contributing to the poor nutritive
value of some legummes sin;e they can combine with élls lining the intestinai wall, thus
’causing a nbnspecific’ interference with the absorption of nutrients (Liener, 1976). This effect
will be reflected in the extent to which the protein is apparently digested. Phytohemaggiutinins
“in cowpeas were found to range from 33.5-98.9 hemagglutina;ing units (HU) per mg protein,
“with an average value of 61.4 HU per mg  protein (Ologhobo and Fetuga, 1983b).

Apart from tthe‘ presexlm'e of these ﬁeat-labile. antinutritional factors, legumes also
contz;in polyphenolié compounds known as tannins. They are present mainly in ihe seed coat,
with a higher amount in the seed coat of colored be#ns as cdmpared to white beans, and they
are heat resistant (Elias et al., 1979). The content of tannins has been shown to "vary
according to the color of the seed coat. The highést values reported were found in _
bronze-colored beans, and the lowest in white beans, while black- and red-coated beans had

' interrﬁediate values (Bressani and Elias, 1980). Tannins detected in peas and beans are largely
pblymeric» and of the condensed type, proanthocyanidins, with conccr.urations;-ranging from

0-0.8% in cowpeas (Price et -al., 1980; Ologhobo and Fetuga; 1983b). Polyphenolic compounds
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- can react with proteins and enzymes, resulting inia decrease in the digestibility of proteins
(Glick and Joslyn, 1970; Haslam, 1974)..

Upon cooking common beans, it has been suggested -that paft of the phenoiic
compounds rerhains free and part becemes bound. The bound polxphenolics probébly meke
the protein less susceptible to enzymatic hydrolysis .in the digestive traci thus decreasing
protein digestibility. At the same time, the free polyphenolics may influence protein
digestibility indirectly by mhxbmng enzymatic acuvxty (Bressam et al., 1982) Therefore the
presence of polyphenolic compounds reduces absorption and utilization- of legume proteins. ‘

It is generally recognized that phytic  acid, myo-inositol-l 2,345, 6-hexakis
(dihydrogen phosphate), is of wxdespread occurrence in legume seeds servmg as a source of
phosphorus and cations for the germmaung seeds. It is presem pnmanly as a salt of mono-
and dxvalemtatxons (Ca*, Mg? and K*) in the prolem body, mainly in soluble forms (Reddy
et al., 1982). As explained by Cheryan (1980) phytic acid can form complexes with proteins
at both acidic and alkaline pH. At low pH, phytate is strongly negatively charged, while
proteins are strongly positivel)'/ cﬁarged. especially near pH 2.0. As a result; a phylate-pretein
.complex could be formed under such circumstances. "This complexation is rapid and is"
followed by nonionic irreversible reactions. Therefo;e. it stabilizes the phytate-protein
comple)‘(. At high pH, muitivalent cationé such as Ca’" probably mediate such phytate-protein-
complexes since the electrostatic'ef fects are minor at alkalir}e pH. The reduced solubility of
protein as a resglt of phytate-.protein-complexes can adversely affect certain funetional
properties of proteins -Which depend on their hydration and solubili-ty,'thereby decreasing the
availability of proteins (O'Dell and Boland, 1976). '

A Phytic acid in iegume seeds can also complex with dietary essential minerals such as
calcium, zinc, iron and magnesium, thus making them biolegically unevailable for absorption,
| However, the mechanism by Wthh phytate affects mineral nutrition is not clearly understood.
Since the formation of these complexes is pH depe;dent the formation of insoluble
vphytate-metal complexes in the intestinal ‘tract perhaps prevents absorption of ‘the metallic

element. In addition, at pH 6, which is the approximate pH of the duodenum, maximum

P
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precipitation of zinc phyute or zinc-calcium phytate occurs. This is also the cas‘e' with copper *m
phytate and copper-calcium phytate complcxes.- Thus, the availability of these divalent metal
ions decreases (Reddy et al., 1982). _

Phytic acid in cowpeas has been found to be present at 0.28-1.15% dry f:asis (Kumar
et al, 1978, Tabekhia and Luh, 1980; C_)loghobp and Fetuga, 1983b), with phytic acid
phosphorus ranging from 29.8-49.9% of the total phosphorus. The bioavailability in humans
. of phosphorus from legume phytates has not been clearly established. Therefore, phosphorus

contained within phytate may not be a gobd phosphorus source for humans.
2.4 Processing of Legume Flours ¢
Legume seeds are consumed bot_h as whole seeds' aﬁd processed products, e.g: dehulled

seeds, and powdered and fermented forms. Traditional methods of processing and cooking

legumes provide safe, appetizing and nutritious prbdhcts. Owing to the presen‘cé’"of natural

antinutritive factors and the indigestible nature of many raw legumes, appropnate processmg

1s ‘probably more important for legumes than for any other food. group. It would seem

prcferable furthermore, to process lcgume seeds mto flour to expand their use for a greater

variety of food products’and to permit partial removal of antinutritive factors and- indigestible .
components. There are three main processing steps in the making of flour: seed cleaning,

dbhulling, and grinding.

2.4.1 Seed cleaning

Cleaning of seeds removes stones, grit, weeviled and shriveled swds and other
contaminants. In home proccssmg Lhese foreign materials are picked out *nually on a tray
made of enamel wood, tin or rushes, or on a flat surface (Dovlo et al., 1976). The light
dcbns can be removed by winnowing (FAO, 198‘})."{;‘, Cleaner separators are used in
commercial-sc;ale operations. Cleaning processes are normally a combination- of air sepa;ation
and screening, preferably accomi)anied by grading by size (FAO, 1981). The uncleaned seed is

- first subjected to a current of air where dust particles and light impurities are removed. Large
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~ admixtures are taken out by a top screen, while impurities thicker than the seed to be cleaned
are eliminefed by the second screen. The third screen of the set separates small, relatively

heavy impurities such as sandand weed seeds. Before leaving the machine, the seed is

subjected to a further current of air which removes seeds of normal size but of lightcr weight.

2.4.2 Dehulling
Removal of hnlls is probably ihe ;mosr important sjep in the production of legume
flour, especially for cultivars with colored seed coats, since a high proportion of colored hull
affects the color of the flour on grinding; .\In-addition.. t_he removal of pigmented hulls
eliminates tannins that can lower protein digestibility and ‘rcmove‘s the undigcetiblc part. In |
home-scale processing, dehulling may be done with either“ra;y’or 'Sooked seeds. lDJsualIy. the
seeds are mashed or pounded. arfter soaking'.-to‘ facilitate removal Aof the hull. Traditional
- legume processmg uses both dry and wel methods for decortication (Siegel. and Fawccu

PRI

1976), as shown in Figure 2.{ The techmques employed are mostly manual ones, however

srmple mechanical equipment may also be used. The same basic principles used in household- o

methods have been improved and adapted for commercial-scale processing, such ar most

large-scale commercial lcgume mrllmg operations in India.

2.4.2.1 Wet method - -

The method used in India, which was described'by Kurien ;md Parora (1968'). involves
tempering the seeds with water fdr 4-12 h, followed by coating th%: seeds with red earrh. then
sun drying. The cotyledon will sMrink, leaving a space between it and the hull. A:jter rcmoval |
of the red earth by siei/ing', seeds are "milled in a stone sheller and the-hulls are .sepiratcd by
sieving. This gives yields of 75-80%.

" In dehulling of cowpeas in Africa (Dovio e gl 1976). the seeds-are steeped in water

to allow absorpuon of water so that the sced coats swell and are loosened frgn/the o

cotyledons. By gently stirring the secds around the side of a mortar or squeczmg themm hard in
the hands, the hulls become disengaged and float on the water surface where they can be

skimmed off. The dehulled seeds are then dried. Another method in common practice involves
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Figure 2.3 Flow diagram for traditional legume processing (Siegel and Fawcett, 1976).
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gfinding of whole grains roughly with a grinding stone, then blowins of f the coats, followed
by soaking the broken cowpeas in water to allow the hulls to float and be removed.”

An attempt was made by Rexchert et al. (1979) to use mechanical dehullini of
cowpeas by the wet method. Their work showed that soaked cowpea seeds could be eff ectlwlely
dehulled with a rubber- matted- barley deawner. After drying*for two days, the seeds were
again passed through the dMer to free any seed coat still adhering to the kernels. The seed
coats were then separated from the dehulled kernels by means of an air-blast seed cleaner
‘f'hxs prov1ded yields of 94-96%, with 13% brown cowpea hull and 34% by wexghl of white
cowpea with blackeyes remaining. However, the processed grains had to be reduced in

moisture from 25-35% to 10-15% to prevent spoilage.

2.4.2.2 Dry method @ N y

’ l;g the dry method employed in lndia (Kurie’n‘and Parpia, 1968), clean seeds_of
uniform size are passed through an emery -coated roller for initial pitting and scratching of the
hull to facilitate the penetration of oil. Pitted prains are then thoroughly mixed with about 1%
oil: followed by drying. At the end of the drying period, ‘the grains aAre sprayed. with 2-5%
weter. thoroughly mixed, and left— overnight to soften the seed coats. The grains are
subsequently passed through the roller for delmlling by abrasion. With the improvements in
heat conditiopi‘ng arde moisture adjustment as well as in the milling machine, the corlditiorled
grains can pe dehulled te more than 95% efficiency in a single pess. with about 78-83% vyield
(Desikachar, 1974). :“r‘-r.u:.-mm.m.a.ﬁj,‘
The traditional elry method Qf dehulling cowpeas in’Africa involves only biealting the

seeds roughly into little pieces in a mill or a grinding stone and blowing off all the seed coats.

This dry memod is considered to be suitable only for making cowpea flour (Dovlo er al.,

w—

11976). Vichiensanth er al. (1979) reported that eight different types of rice milling equipment

could not give satisfactory results for dehulling red cowpea 6-1 US since the seeds were either
badly, scored, resulting in high cotyledon loss, or broken into several pieces. Instead, an
abrasive dehuller (PRL dehuller), wuh 8 abrasive discs, was shown to provide good results

Dehulling performed at 1.5 kg/batch and at a speed of 1,680 rpm for 3 min was
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*Lauer and P?EE" 1979)
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recommended and” resulted in about 80% yleld wrth 30% of the hull remammg and 11%

| COtyledon loss Accordmg to Reichert et al.. (1984) attrmon type mrlls (plate mrlls) can be

used for dehullmg u' the hull rs not frrmly artached to the cotyledons Olherwrse

Nl

r'abrasrve type ‘mills are used employmg a carborundum or emery surface lo gradually abrade‘.‘;
vthe seed coat from the cotyledon In Indra both the atmtron and abrasrve -type mllls ‘are’
. used, wvhrle the ‘more modern mstallauons in processmg plants m Canada are employmg
abrasrve-type equrpment Rerchert et ‘al (1984) also reported that a PRL rmm abrasive

dehuller ‘was successfully apphed to eight legume grains, mcludmg two cowpea culnvars

u‘l\. :

- varymg wrdely in seed charactensucs The y1elds Q£ dehulled black eyed cowpea and brown'
’ cowpea séeds. after at least 90% of the hull had been removed were about 78 80%. wnh
‘?-18 20% mﬂrct seeds:

B ) S
: . . o®

. 2‘.4'3‘ Grindimg e o
| Before grmdmg dehulled seeds into flour decorm:ated grains should be bone dry,_ o

especrally if the seeds were soaked for dehullmg Therefore a dry method is preferred “for
v ‘d’ehullmg of gram legumes from whrch flour will be made smce there is less risk of product. y ".

""losses due-to mrcrobral and lnsect spoilage in. a troprcal clrmate Grmdmg of dehulled grains

\,tl

mto f‘lour is srmply a marter of‘ reducmg the parucle §ize 10’ rhe desired range For home .

_processmg. grmdmg stones mortar and pestle, commercral mills, meat mmcers or blenders

-l

 can be used (Dovlo et a1 1976) For commercial-scale operanons lmpact atmuon or. roller '
\mrlls may be used wrth screens. o' return oversize parncles for regrmdmg (Young, 1975)
"Impact size reducnon machmes es'pecrally hammer mrlls and™® pm ’mlHS are commonly

= ‘employed in grmdmg legume seeds mto ﬂour (Araullo 1974 Kon et aI 1977 Vose, 1978
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. 2.5 Wet Processing of Legume Seeds to produce Starch and Proteins

2.5.1 Starch separation
Starch separatzd from wheat flour was well lmown as af ood producl 1o the Romans

’and Greeks in the ancient world (Jame 1974). A procedure for starch producnqm glven ‘in

D ‘some detail in a Roman treause in about lf’C was that the grain was 'ste_eped in water
.or 10 days, pressed and mixed wr_th fresh Weter, then filte’red on 2 linen cloth, after which
Lh'e starchbin the, filtrate was allowed to settle. washed with water and, finally, dried in the
‘sun (Whistler, 1984) Starches. fromvrice wheat and barley were COmmonly used in China in
about 312 A. D.. The wet processmg to separate starch from cereal grams and tubers was later

‘adapled for the progessing of starches from legume Seeds

Starch - separation from gram legumes probably SLarted in Chma The method
. employed for the. separauon of mung bean starch in producmg transparem noodles’ poslulatesm%«. 'f

- the development of wet processing of starch from legume seeds. The tradmonal method for

separating mung bean starch by. a wet. process still bemg used in almost all countrres in Asra

{J‘ is summanzed in Flgure 2.4, ‘

Schoch and Maywald (1968) dev:sed three special methods for the 1solauon and
. punfrcatxon of starches ‘from seven legpmes which are dlfferem rr: the charactensucs of the
| fme frber fractron from cell wallger?l:)s‘ing the starch granules and also in the content of
insoluble protem “The frrst method - (method K) was for the gram legumes whrch could be

- easily processed. such as mung beans. chick peas and yellow peas; therefore, pure starch could :
be obtained- simply 'by"steeping'»in warm water grinding, screening. and sedimentinﬂg in"an "

’ aqueous medrum The second grethod was for seeds (lenuls lxma beans and white navy beans)
which were more drffrcult 1o process because of the presence of msoluble flocculent protein
and »hrghly hydrated fine f xber, which slows down the sedimentation and cosedrments_wrth‘ the
vstarch to give a light loose depoSit Those legumes were steeped‘ in water, ground, F:and

“screened as m method AT ollowed by alkalme suspensron screenmg Lo remove a portion of

-b the fine frber and then slowly ﬂowmg down an inclined 1able The lrghter fine frber and any

s
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’f..COmmercral use of soybeans in food industries was establrshed ‘the solubrlny or drspersrbrluy
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undissolved protein rerained snspended- and passed off in the overﬂow after two or. th_ree

processes were mapplrcable smce water - steepmg was madequate for softemng the seeds and

weakening theucells enclosrng, the. srarch granules. Thus. an alkaline solution was used rn ,

methods.

2.5.2 Protein separation . K "
Separation methods for legume proteins are principally deve'lOped from the ‘method
employed m China for the tradmonal preparatron of soybean products the best. known of

whrch are soymrlk and sovbean curd or rofu (De 1971; Aykroyd and Doughty. 1982) 'I‘he

‘ ‘protern extraction for sovmrlk occurs during grmdmg of soaked dehulled beans with water .

" before filtering an. borhng and precrpltatron of protem in thrs boiled soymilk with coagulams

such as calcius ate, followed by pressing to provrde soybean curd (Xiang-ao, 1983). Oncc

of protems in water was proven to be very dependent on pH. Commercral preparlaron of soy

°

pror_em isolates is based on solubility of the protems at the 1soelecmc point, “where

.

Clarified extract is acidified to pH 4.5 to precipitate glob‘uh'ns. which “are then Wasned.‘
neutralized and dried (Wolf, 1972). This well-established technology for"'preparing protein

concentrates from soybeans can be applied to produce similar concentrates from various food

legumes. Fan and Sosulski (.1'974)'determined nitrogen exrraction and precipitation curves and

yields of protem isolates of nine legumes having 21-45% protein. At a pH of 8- 10 the
majority of the proteins are almost completely drspersed and at pH 4- 6 the minimum' .
drspers:brlrty or 1soelecmc point was observed. In Thailand the preparation of mung bean

protein ¢oncentrates using the ‘basic technology of protein isolation has been developed and -

applied in some mung bean ‘starch noodle (transparent noodie) processing plnnts where

proteins are by-products. The metlrod developed is illustrated in Figure 2.5 (Bhumiratana,

'such lebl'ings;. The third method Was for wrinkled:seed legumes for which the irst wo

3

o steeping the seeds, follc')wed by grinding, screening and settling repeatedly as in the first two

~ precipitation occurs. Undenatured proteins are extracted with dilute alkali at pH 8-9, and the
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filtration

washing with
water (1-2 times

__ - _Fresh Protein Concentrate
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Figure 2.5 Flowchart for wet processing of mung bean protein concentrate and mung bean -

starch (Bhumiratana, 1977).
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+1977). Mung bean paste is prepared using a traditional stone mill, followed by centrifugation

to separate the protein dolution from the starch residue. Precipitation of the prétein is
effected by acidification of the heated protein solution.

~ Research has also been ‘.conducted at the Prairie Regional Laboratory, Saskatdon. on

is slumed wrth five parts of water. Subsequently. lime is added to the slurry to raise the pH

’

to 9. The slurry is centnfuged to yield a high protein supernatant and starch soltds Spray or
drum drying of the supernatant yrelds a pea protein concentrate contaxmng about 60% protem o
c'l'he starch fracnon contammg about 6% protcrh is slurried with frve parts water and again

centnfuged to give starch solrds contammg about 2% protem The wet processmg of pea

protein concentrate and pea starch is ﬂlustrated in Fxgure 2.6.

" . 2.6 Dry Processing of Legume‘,Seeds to produce Starch and Protein

, Dry-methods have also been used to partially separate the protein components and

starch - components in cereals The developmmwﬂdwsepaﬁuon of the protem fraction from

starch is based on wo, phenomena First, the use of arr as the traditional means f or separatmg

heavy pamclesc from the lighter ones.- Se_cond. the mrllmg process., when 'applred to cereal

&

grains,: produces flour containing.a range of particle sizes which exhibit marked differences in

chernical and physical characterisitics (Wichser and Shellenberger, 1948). Therefore, air

classification was developed and applied to cereal grains 1o produce protein displacement by

permitting separation of the high protein fine particles from the coarse starch particles. Air

classification was firstly appiied to wheat flour to separate. ft into fractions of ~dift"er'e“nt,

14

protein contents wrth dtfferent bakmg quahttes (Gracm 1959; Jones et al., 1959) The C

application of thxs technique to grain legumes was first reported by Youngs (1970)

The centnf ugal air classifier, especrally the splral air classrf fer, is the best known and

assumed that the air resistance obeys the principles of Stokes law, and the parucles are
' B . \ .
\ .

\

_the preparation-of pea protein concentrate rom pea flour by slurry centriftrgation (Siegel and .-

- Fawcett, 1976). Whole or dehulled 'peas are ground to a fine flour ina pin mill and the flour o

,most commonly used (Lauer and Prem 19’79) In the classrfymg prmcrple it is generali) 7_
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Whole Raw Pea (21%“brotein)

100 kg

Pin Mill ———+—_ Pea Flour (21% protein) .

g 100 kg

- 500 kg wash water

1 kg lime added

Slurry Tank

Centrifuge —~Pea starch (6% protein)

l

;  72.5 kg
Pea Protein Concentrate S
(60% protein) . N
33 kg 500 kg water— Slurry Tank —
’;/// \\\\\\ added -~ v
Spray Drier + .Drum Drier . ' ’Céntrifuge
Pea Protein o Pea Protein = - . Pea Starch
Concentrate . Concentrate (1.8% protein) =
(60% protein) (60% protein) -~ ' 67 kg
33 kg 33 kg -y
(sheets or flakes) Drier’
’ Pea Starch
- (1.8% protein)
67 kg
®

" Figure 2.6 Flowchart for wet processing of peas to produce protein concentrate and starch

© (Siegel and Fawcett, 1976).
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ASphencal in shape Stokes' law xs concerned with the fall of pamcles through fluxd medna
. (Geankophs 1978) ‘A spherical particle of radius r and density ps, fallmg through a fluid of
densntx pm, is acted upon by a gravitational force, F,:

= (4/3) #r’(ps - pm)g - W
wh:re g is the accelera'tion due to graviiyi The gravitational force is opposed by frictional
~forces thhm the medium. The frictional forces increase as the velocity of the falling pamclc
increases and become equal to the gravxtauonal force, with the result that thc particle falls at
a constant terminal settling velocity. V, thereafter. The frictional force, F,, for a falling

‘ particle at the terminal settling veloci;y is given by: | | .
Fo=6uV - o)
_ where n is the viscosity of the riuid medium.
Spifal air-cl:issifiers take advantage of the flow dyhamic principles of particles by

altering the settling or gravnanonal fotce on parncles with cemnfugatmn and controlling the

velocity of the air stream (fluid medlum) and, thus, the terminal velocity. Therefore, the two

<

-opposing forces acting on a particle in the spiral air classificrs can be derived from equations

(1) and (2) as follows:

Fi = (xd"/6)(ps * pg) (VO'/1) | )

 F, = 3udnVr | 5 - (4)

where:
d = particle diameter (cm)
ps = density of particle (g/cc)
pg‘== density of air (g/cc)
r = rotor radius (cm) (
Vo = peﬂpheral v_e_locitj/ of rotor (cm/sec)
n = air viscosity (g)cm/sec)
VI = centripetal directional velocity of the air stream (cm/sec)
In spir%l air‘ classifiers, air flows inward in a spiral path:”panicles entrapped irl thvis air
flow are subjected to the two antagonistic forces (Figure 2.7): and inwardly-directed

: - }'N

a

N
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F = CENTRIFUGAL FORCE S = SPIRAL FLOW LINE ’
R = FRICTIONAL FORCE , C = AIR VELOCITY
G = CUT SIZE PARTICLE Cu= PERIPHERAL COMPONENT
K = CIRCULAR PATH _ Cr= RADIAL COMPONENT
{

Figure 2.7 The forces present in the spiral flow of an air classifier (Anonymous, 1971).
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frictional force (R) and an outwardly-directed ce%lrifugal force'(lf"). Larger (heavier)
particles afe dominated by the mass-dependent éentrifugal force, and the smaller (lighter)
particles by the frictional force proportional to the particle diaméféf:; According to Stokes'
i&w, equations (3) and (4) are assumed equal when the forces F and R are in exact
equilibrium. At this point, a definite sizé of particles, terméd "cut size”, can bc détermined by
“equating the two equations as fdllows: ' |
dth = (1/Vo)[(18n 1 Vr)/(ps - pg)]**

'where: dth = theoretical limit_ of particle diameter.

Air classification of particles occurs in the chamber (Figure 2.8) where the larger or
heavier particles move outwards as the coarse fraction; they follow the direction of the air
- flow along the vane perimeter and al;e skimmed off by a knife edge. This f racgon is then
rerpoved by the coarse fraction discharge worm. Finé or light parti”cles follow the spiral flow
going inwards; theyxle’ave the chamber via the center outlet, pass through the fan and the
spiral volute and are carried to a dust collector, The openings between guide vanes produce
Lhé spiral flow or vortex of air stream to carry the material into the inlel duct. By adjusting
the angie of the guide vane, velocity and angie of the incomir'xg air are changed, resulting in
altering the gradient of the spifal air stream. Therefore, the operation can be manipulated 10

obtain the desired cut size. |
After fine .grinding.the wheal endospemi (Figure.2.9), particles larger than 40-50 um ‘
are p_redomi‘nantly‘whole cells, (single or in clumps) or f ragments of cells, and those sméller
'.than 40-50 ym may be starch granules, fragments of protein matri;, clusters of small starch
granules firmly embedded in protein matrix, or.cell wall fragments (Jones et al.. 1959).
Therefbre. separation -on the basis of particle size in the ait classifier will concentrate the
protein in the fine fraction and the starch in the coarser fracu'on“.ulit has been shown that pea
flour' particles are quite similar to wheat flour. Hdwever, greater efficiencies of separation of
starch ahd.. protciﬁ are obtained due to tﬁe relatively large and uniform size starch ‘granulcs in

‘peas (Youngs, 1975).
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COARSE FRACTION
: KNIFE EDGE
FINE FRACTION
" QUTLET —

INLET FOR MATERIAL
TO BE CLASS%FIED

COARSE FRACTION
DISCHARGE WORM

AIR GUIDE VANE

CLASSIFYING
CHAMBER

- SPIRAL AIR FLOW

Figure 2.8 ) Cross-section through a Mikroplex Spiral Air Classifier type MP (Anonymous,
1971). |
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Figure 2.9 Diaérammau’c representation of wheat endqsperm cells and the fragments derived

therefrom in the milling process (adapted f: tom Jones et al., 1959).
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Before classification of grain légunies. the cotyledon must be ground to a’very high degree of -
size reduction in order to achieve complete cellular disruptién ‘and maximum sep(n_mon of
protein and starch (Tyler, 1982). After the first fine protein (PI) and coarse starch (SI)
rnctvions‘are obtained from air classification, the coarse fraction is remilled (Youngs, 1975,
Vose ef al., 1976) to release more of the adhering protein and is reclassified to give an
additional protcix} fraction (PII) as well as-a second coarse starch fraction (SIi). as in Figure
2.10. Attempts have been made to enhance the efficiency of protein }ecovcry by applying
additional pin millinés’and air classification to the starch fractions (Reichert and Youngs,
1978; Colonna et al., 1980; Tyler, 1984). However, it appears that additional processing would
not sigixificantly reduce the protein contents after two or three cycles of r;xilling and
classificaﬁon. Moreover, Vose (1977) showed that increasing the pin millings fl:orn two to
four passes increased tﬁc siaxch damage in field peas from 22 to 40%. Sosuiski and Youngs
( 19‘&') investigated yiclc}s of starch and proteix;n fractions from eight legume flours by single
classification and found that the fine fractions, representing 22.5-29% of the original flours,
contained from’ é:§-66% protein as well as a high proportion of the flour lipid and ash. The
coarse fractions contained 51-68% starch and a sigr;ificant amount of crude fiber which'was
dense and concentrated in the starch fraction. In addition, they found that legumes which
show;d highly efficient starch fractionation gave lower recoveries of protein in the fine>
material: k

The potential for preparing air c H‘ied fractions of another eight legumes was also
inv&led by Tyler et al. (1981). They could produce starch fractions which contained
$8.0-76.1% starch and 7.7-20.1% protein, and protein fractiqns which contained 49.3-75.1%
protein and 0.0-4.6% starch. The starch and protein fraction; from the first reclassification
were remilled and air classiﬁed. yielding starch fractions containing 71.0-85.9% starch and.
4;0-10.4% protein, and protein concentrates containing 38.0-68.2% protein and 0.4-16.6%
starch. Tyler et al. (1981) also showed -that the difference in protein scparaﬁon efficiency

among legumes was significant (P<0.05), but this was not so in starch separation. The fat,

ash and crude fiber contents were similar in the corresponding fraction of the legumes, with
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Figure 2.10 The double-pass pin milling and air classification process (adapted from Tyler.

et al., 1981).
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fat and ash showing a marked conceﬂtratton m the protem fracttons An efftctent separatton
| of protem and starch by air class1ftcatton Ls apparently dependent upon complete cellular
dxsmptton durmg mtlltng and a concomttant release of protem and starch as separate enttttes v
The dtffercnce among legumes in rmpact‘ mlllmg effrcxency -mtght result from a »dtfference m
the thtckness and structural rigidity of the ceil wall, the degree of adhesion’ between the cell
aontents aﬁﬁl the cell wall and between protetnaceous matenal and starch granules the extentv ‘
to whlch protemaceous matenal is broken mto its unit parttcles and the degree of cohesron
" “among individual cells (Tyler, 1984). R

Moxsture content of legume seeds can af fect both the yteld and the composmon of the
air- classrfted fracttons Seed moistures below approxxmatelv 10% are most surtable for mtlhng
~ yellow fteld peas and fababeans and, presumably. other legumes (Tyler and Panchuk 1982,)‘
v‘ Tyler and Panchuk (1984) studied the effect of the presence of rmmature seed in samples of'.v

14

~field peas whxch was normally at htgh levels in the earltest harvest and found,that it had ,

little effect on thetr tmpact mtllmg and arr classrflcatton charactensu :

from flve legumes prepared by air classrfymg tw1ce pm mtlled:gl'lours and fOund t'

general an increase-in cut- sxze resulted m (1) an increase ll’l the vxeld of the fme fractton

a Rk

' (2) an mcrease in starch content of’ the coarse- and f me fracttons (3) a decrease in the protem

contents of the coarse and fine fracuons (4) a declme in starch separatton ef flClCl’lC) and ( 5)

1mproved protem sgparauon effi 1c1ency

1rypsin mlubttor hemagglutmtn sa ponins and phyttc erd (Elko‘wxcz and Sosulskt 1982)

- LN

2T Functional Pro%a of Legume Flour Protem and Starch

A
e

t) )
The term - "functxonaltty has been def ined for the food area asr "Any property of a

food or l‘ooq mgredtent except its nutrtttonal ones that affects 1ts utthz.atlon (Pour El, 4

K

. 1981). ln mdustnal appltcattons mgredxents to be_ used in the preparatlon of tloods are
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' co,nsidered largely for their functio;A and physical properties. They should provide the final

product wi*th desired qualities as well as facrhtate processmg Table 2 3 lists some foods and

functionalities assocrated wrth each product

* 2.7.1 Functional properties of starch

B} .
~ Food starches perform two basic roles: as a nutritive stabilizer, starches provide the

.

' f';characteristic viscosity, texture mouthfeel and consistency of many food products such as

sauces, puddings, gum drops and tableted products and as a processmg and to facrhtate ‘

manufacturmg the most @bvious example bemg the classrc use of powdered corn starch to

e

~ dust work surfaces or in-process matenal to prevent sticking (Moore et aI,. 1984). Starch’

2N
pR3

~ contains two components that contribute to its.molecular structure: amylose a linear-chain

molecule consxstmg of condensed D glucose units occurring as a- (1-»4) lmked pvranose rings; -

and amylopectm a branched molecule consrstmg of hnkages be'tween th@ glucose units as in

'A amylose with the addmon_of 4-5% of the_ glucose units combmed in a-(l-_>6) linkages, grvmg
rise to‘a branched structure (Hodge and Osman, 1976). Starch granules‘are spherocrystals. and

are msoluble in cold water. A mrxture of lmear and branched molecules is arrangcd radially in

<

'concentnc shells and the molecules are held together by hvdrogen bonds re}sultmg. in

crystallme regrons or micelles and causmg the granule ro be btref‘nngent When a slurry of

starch in water is heated the hydrogen bonds holdmg the granule together begin- to weaken

permrttmg the granule to hydrate and swe]l “which is known as gelaumzatton This swellmg"
causes a loss of the’ radial ortentatron of the mrcellcs and a loss of btrefrmgence The E
temperature at whrch starch granules begin to swell rapidly and lose biref ringence 1s called the

. gelanmzanon temperature Further heating causes more loosening ot" ._twhegmeshwork,

Yow

‘ allowrng addmonal water to.enter and ‘enlarge the granule ' 'I'he mrcelles ‘however, remain.

largely intact and hold/ the granulee together- in enormously swollen netwcoks unless erther the

N
granu]es apart. As a direct result of granule sw?ﬂmg, there is an mcrease ms rch solubrlity.r

N

paste clartty and paste vrscosnty Gel formatron occurs when a starch thrckened mrxture 'is

e\ tear ‘the swollen -

e
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Table 2.3 Type§ of foods and their related funct_iqnalities’(Kinsella, 1976).

........... S g S
Type ‘Functipnality :

" Beverages Solubility, viscosity ' .
Baked goods Emulsificatio\n.' foaming, viscoelasticity, doixgh\

Dairy substitutes

“Egg substitutes -

Meat emulsion products

Meat extenders

' Soups. and gravies

Toppings :
%

- Whipped desserts -

..............................

“binding capacity (cohesion and ad

' Viscosity, emulsification, wate

* formation, gelation, firmness, water binding

Gelation, coagulation, foaming, fat holding

capaéify
”Fdatniné, gelation

Emulsification, gelation, liquid holding

Liquid holding - capacity,

binding capacity (cohesion?

« F“paming', emulsification
Foaming, gelation, emulsification

.......................................................
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ballowed to stand without ‘stirring'either before or after cooling ‘becau'se of formation of
interrnolecular bonds Eventually, the frrmmg of a starch gel progresses - this is
-\i‘retrogradatxon Durmg the gelatimzatron process, gelauon is dommated by the amylose'
content of the starch regardless of whether or not it is the major fraction, and gelatlon occurs
‘as molecular association takes place, presumably through hydrogen bondmg’ forming a
‘network of junction zones between molecules as well as provrdmg addrtronal gel strength
(ngrdtty) and stabrlrty (Zobel, 1984)

The most rmportant pracucal property of starch is its ablhty to gelaumze and produce

a viscous paste (Hahn, 1969). Natrve starches have been used as food mgredrents in mdustry

for many years (Table 2.4). However onlv starches from roots and tubers as well as’ cereal

!

ul

‘grams are used. Unfortunately, native sta_ Bs ack theextended sta'brhty generally requrred

by processed foods. - ln general processed .."‘« require the following characterrsucs pH
stability, vrscosrty stabrlrty processing tolerance, textural propertres shelf stabr]rty partrculate
rntegnty, emuISrfrcauon stablltty and good surface appearance. These characterisitics can be'
provided by chorce of a proper starch. For example, productton of shelf -stable, refrigerated,
frozen, .hot- frlled,.retdrted. or aseptrcal_ly-processed foods usually requires the use of a
modified starch. The common- types .of starch modifications for the food indUStrv are
_"hydrolysis, oxidation, cross- lmkrng and’ substrtutron (Luallen, 1985) These can be applred
mdrvrduallv or in combmatron to offer a wide ‘range of functional charactergstrcs requtred by §
the dwersrty of -processed foods. ‘Several functions and the possrble applrcauons of starches m'
food products are summarized - m Table 2.5, This wrll serve as a gurdelme in the choosrqg and |
modrfrcatron of legume starches for food products Theré\ha’/e been some studies on tsolatron
and charactenzauon of starches from legume seeds, including cowpeas (Schoch and Maywald
- 1968; Kawamura, '1969; Tolmasquim er al., 1971; Lineback and Ke, 1975 Halbrook and
.Kurtzman 1975; Narvrkul and D'Appolonia, 1979' Vose, 1980' Sathe et al., 1982; El Fakt‘
" et al., 1983), starch fractrons from air classrfrcatron of legume ﬂours ( Vose, 1977; Comer and

. ‘Fry, :1978; Lorenz, 1979), and modrfred legume starches (Sathe and. Salunkhe 1981,

Deshpande et al., 1982b). Generally.» legume starches have srmtlar characteristics and exhibit

-
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Table 2.4 Applications of native starches as food ingredients ((Spalding, 1979)
R e eeeeceeaateacseacsannaaananan feceanaenan
N Applicgtxon Starch -
 Baking powder corn
Beverages | ’ potato; comn
Biscuits and cakes ' . ﬁomto. corn
ICc “Z:rcam cones < _ > - "Wax‘y corn "
Confecuonery ' - o g ;;)otatd.:‘covm ' \
Dcsserts?nd custard (powdered) ; - potato, c'om; tapioca
Flour and caké mixes . . com R
Baby foods : . : . rice N \
‘Food and drug W_coatings : ! o ‘pqﬁto, comn nv | : \ :
Gravjes and sauces S : ” rice, potato, corn, W’éxy com
Meat pedicts S | R 'i‘-pQLaIO.ACOI‘n e \ | . :
Canned products | A ' '{? 'pot_aito., ;:om. waxy corn T o
“ Splccs and seasoning cgrriérs C - poato, corm. -
'Sc‘)up‘(carjmed and dehydrated) = . -potato, co‘rri \ -
~ Snack pfoducts » O N rice, potato, corn, tapioca, waxy corn . ; \\
Yeast . - o - corn | | |
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Table 2;5 ~ Functions of starch in foods (Smith, 1982). o \ R
...................................... SO
Function Type of Food
Adhesion. RN breaded products
Binding o . formed meats, extruded foods
- Clouding : o créam fillings, drinks
* Dusting - ’ bread, gum .
'Flowing aid R | | icing sugar, baking powdér |
~ Foam stférgthening ‘ _ ’ mgréhmallows. drinks
Antistaling - L o ‘bak’er)-" goods‘
Gelling | _ " ~ gum drqps. puddings
Glazirll,g ' | - | nut§ :
Moisture retention . } | breading R e
MouldingA ’ : | o gum df_ops ‘ ' | .o
Shaping h ' meat products, pei foods o '
.St‘abilizing‘ o . bevefages. salad dressing
U'I"hickeninﬂgﬂ o S . A gravigs.: pie f’ illin_gs, soups -
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little difference in gelatinization.

| 2 7.2 Functional properties of flour and protem\

The use of legume protem as a food mgredxent probably started with soybean since it
began as ‘a staple food item in the Orient. In the early history of soybean processmg,

producuon of soybean oil was th; prime objective, with the consequent estabhshment of

- soybean meal as a major source of prqteln for ammal feed. Now, through modern techno-

logical innovations, soybean protein is emerging as one of the most exciting ingredients for ‘

processed foods (Horan 1974). SOyJE ﬂour is used in vanous foods particularly in bakery
products and cereal :_ A'nds Protem concentrates cap be used in greater quanuues in many of

thc same foods,vespecmlly when higher levels of protein are requtred. This has been made

_possible because - of -their improyed flavor, color and higher protein content.‘Protein isolates

“are ‘used in commmuted meats and dairy foods where emulsxfymg, thlckemng and gellmg

‘ propertm are 1mportant (Kinsella, 1979) Thc appltcatton of SOy flour and soy protem

concentrate Or isolate in food products therefore precedes the use of pther legume protems

The functlonal properties of soybean products considered to be unportant and some

S

apphcatnons in the food systems are summanzed in Tables 2 6 and 2.7.
/;\

The factors influencing the functional propertxes of protein products are the natural _

. characteristics of proteins, and processing and modif’ ication steps that alter them. The natural

[l

characteristics include: amino-acid composition, which has great influence on hydrophobicity;

-~ size of the molecular units in the material, which affects the solubility“‘ and the ease -of

molecular disintegration and Tearrangement; conformatlonal characteristics which are involved
in functional properttes through hydrophrltcrty and hydrophobrcrty. gelatlon ‘and film

formation; bonds and forces which are the mediators .affecting the changes in s1ze and

" conformauon (Pour-El, 1981) Among the functional -properties of protems perhaps the ~

most important is emulslflcatton abllxty gel formmg. water holding, film formmg. adhesive

and cohesive and aeration properties (Johnson, 1970). ’I‘hese properties of *soy protein have

.been extensively studied, tog_ether"W'ith' their application in -food lndustrie,s.\ For some

[

NNEREY
NP
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Table 2.6 Summary of functional properties of soy proteins important in food applications

(Kinsella, 1979).

------------------------------

Organoleptic/kinesthetic
N :

Hydration.

Surf ace--

Structural/rheological

L L L I I R I T L T T X i P STy

.......................................................

Color, flavor, odor, texture, mouthfeel,
smoéthnéss. grittiness, turbidity

Solubility, wettability, water absorption, swelling,
thickening, gelling s&ncresis . |
Emulsif iéatiox;, foaming (agra}ion, wﬁipping),
protein-lipid film formation, lipid-binding,
flavor';binding: |

Elésticity; grittiness, cohesiveness, chewiness,
viscosity, adhesion, network -crossbinding, -
aégrcgation. stickiness, gelation, dough formation,
Eeastu'rizability, fiber formation, cxt‘rudabil‘i‘ty_

Compatibility with additives, enzymatic antioxidant

.......................................................
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 Table 2.7 Functional properties pei-f ormed by soy protein' preparationé in actual food systems

(Kinsella, 1979).

P T I L L R e I R LR LR R R AP A A Y

Functional property —

-------------------------------------------------------------------------------------

Solubility

"Water absorption and binding
Viscosity

Gelation

Cohesion-adhesion

Elasticity

Emulsification o

Fat adsorption

Flavor-binding

Foaming

Color contro}

Protein solvation,

* pH dependent

Hydrogen-

bonding of HOH,

entrapment of
HOH, no drip

. Thickening, HOH

binding

Protein matrix
formation and
setting

Protein acts as
adhesive material
Disulfide links in
gels deformable
Formation and
stabilization of
fat emulsions

Binding of free

.fat

Adsorption,

entrapment,
reiease

Forins stable
films to entrap

gas

Bleaching of
lipoxygenase

Beverages

Meats, sausages,
breads, cakes

Soups, gravies

Meats, curds,
cheese

Meats, sausages,
baked goods,
pasta products

Meats, bakery

Saixsages.
bologna, soups,
cakes

Meats, sausages,
donuts ‘

Simulated meats,
bakery

Whipped
toppings, chiffon
desserts, angel

"~ cakes

Breads

r~

F.Cl

F.ClI

F.C.I

C,LH

ILWH

weeressseeamansnancasananana eseen deescesceravevesannea Jemasececsmcsmarmadanacsenaansonn

'F, C, I;H, W denote soy flour, concehtrate, isolate, hydrolysate and soy whey, respectiveiy.

— .
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non-oilseed' legumes, including cowpeas, the functional properties of ‘thcir flour, protein .
concentrates and isolates have been studied (Fleming et al., 1975; Sosulskl K al., 1976,
McWatters and Cherry, 1977; Okaka and Potter, 1979b: Sosulski and Youngs, 1979 Vose,
1980; Sahasrabudhe et al., 19?1; Sumner et al., 1981). Investigations have also been conducted

. ".on their use in bakery products (Fleming and Sosulski, 1977a; Okaka and Potter, 1977;

Fleming and Sosulski, 1978:; Hoojjat and Zabik, 1984), beef extender (Vaisey et al.,.1975),

o noodles and spaghetti (Nielsen et al., 1980), and protein curds (Gebre- Egznabher and Sumner,

1983; Kantha et al., 1983). In addition, functional properties of pea protein blended with
cheese whey were studied by Patel et al. (1981).



3. EXPERIMENTAL

3.1 Cowpea Seeds

Two lots of red cowpea seeds 6-1 US (l’jgm uniguiculata) were supplied by the
Department of Plant Science, Khon Kaen University, thn Kéen, Thailand. Foreign materials
were removed by winnowing, sieving and manu&inspection. then the seeds were stored at 4'C
until use. The first lot was for the study on air classificati‘;n and the other for dry milling and

wet processing studies.
3.2 Chemicals

. Unless otherwise stated, all chemiéals were of reagent érade, purchased from one of | “
the following suppliers: BDH Chemicals Canada Ltd. (Ontario); E. Merck (Darmstadt, W.
Germany); Fisher Sciemific Co. (Fair Lawn, NJ, USA); J.T. Baker Chemical Co.

*

(Phillipsburg, NJ, USA).

3.3 Dry Proc&ésing of Cowpea Flour, Protein and Starch Concentrates

-

3.3.1 Processing of flour

The ﬂmelhod employed by Vichiensanth et al. (1979) was adapted in preparing cowpea
ﬂ011{. Red cowbea seeds (3 kg batch) were dehulled in a PRL abrasive dehuller, equipped
with 8 abrasive discs of 25 'cm diameter, at a siaeed of 1,400 rpm for 3 min, then sifted
through a #7 sicye (aperture of 2.80 mm) to separate hulls from cotyledons, yielding approx.
65-70% dehulled seeds. Cowpea flour was prodﬁced from 60 kg dehulled seeds using a hammer
mill with a screen of 0.20 mxﬁ aperture at a speed of 1,450 rpm and va feed rate of 15-20

kg/h. The flour was stored at 4°C until use.

.
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3.3.2 Particle size distribution of flour and its starch

Before protein and starch- @ sepi air classification, the puticle size

distribution of flour and its starch was investig in order to choose a suitable cut-size for .

the operation.

3.3.2.1 Particle size distribution of starch

The flour was sifted through a no. 170 (90 um) sieve. The size dnstnbuuon of starch
vranules in the flour was then determined with modified microscopic techniques described by
MacMasters (1964). The flour was moumed. using dilute iodine staining solution as the
mounting rt_ledium. and the slide was sealed with paraffin. The observation was made under a -

light microscope (Frnst Leitz Wetzlar, W, Geﬁn'aqy) with a tungsten filament lamp at 400x

. magxiification. The length of the longest axis; ometers, was expressed as granule size.

The sizes of 220 granules were measured for stati alculation.

3.3.2.2 Particle size distribution of flour

The sedimemation analysis using an Anderson pipet employed by Tyler (1982) was'
adopted. A mixture of equal * volumes of benzene and chloroform “>as used as the
sedlmemauon medium which, at 20'C, had a density of 1.16 g/cm’ and a viscosity of 0.00596
poise. An absolute deosity of 1.45 g/cm® was assumed for Lhe flour. A solid concentralio: of
1.0% (w/v) was used for the determinations. Samples previously defatted wiih petroleum '
ether were dispersed in the sedimentatioh medium, first by mixing at low speed in a Waring
blender (Central Scientific Co., IL, USA) for 1 min, followed by shaking in a stoppered pipei -
cylinder for 2 min immediately prior to analysis. The limiting particle diameters /t;or jﬂ:ic_

fraction collected were calculated by substitution of the appropriate values into the fouou”ring‘

equation: . ' f
D = 175(ah/[(d;-dy)t)i**
where: o
D = limiting diameter (.m) »
n = viscosity of medium (pois€):’ o




% ' b

= distance from surface of medium to
o
bottom of sample tube (cm)

d, = absolute density .of particles (g/cm?)

d, = density of medium (g/cm’)

t = time of 'sampling (min)
The particle size distribution curve was determined from the dried weigt;t of duplicate
samples withdrawn at successive time intervals,
3.3.3 Prbcessing of protein arrd starch concentrates
The double-pass pin rrrilling and air classification process,'as conducted by Vose et al.
(1976), wa"s.‘ used to prebare proteixr and starch concentrates, as shown in I;"igure 3.1

°
Howcver the' ﬂour Was not fine enough and it was necessary to remrll it using an Alpine 250

\'«2

CW pm mrll (Alpme Corg.;mAugstrg.“ W, Germany) *uth &;‘mter rotating pins operating at

The remrllgd flour was then

gﬂ ME, air classxf ier

i o b . .
i i;

b : P%f'racnong uﬁmg@ Alpme

following equ&r}d’ wés used*in calcu‘iatror) of SSE
L

starch in the fin 1] tled ﬂaur that was recovered in the starch fracuons (SI and SII). The

{ starch fn the starch fractron X % yreld of the fraction

’, P % smch% f'lour

percemage of total ﬂour protem recovered in protein fractions (P! and
asure of protem separauon effi 1c1ency (PSE) In practice, however, PSE
'lgulatmg the percentage of rhe mtal flour protem recovered inj the starch
: txng thrs value from 100% (Tyler ez aI 1981) as’ m Lh%followmg
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* l R
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Dehulling
. 2 ‘ ' Yoy bk
” v Pin Milling % . ni
. : ¢
2 ’%f" 7 '\ Air'Cla§$gfying
¢ , Protein Fragtion (PI)

Starch Fraction (SI)
Pin Milling ,

Air Classifying

—————— Protein Fraction (PI1l)

Y

Starch Fraction (SII) ‘ )

kY

Figure 3.1 Processing flow chart for preparing flour, starch and protein concentrates.
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equation:

PSE (%) = 100 - (% protein in starch fraction x % yield of the fraction)
' ‘% protein in flour - = o

e

i,
roe

3.4 Wet Processing of Cov}pea_ Flour, Protein and Starch Isolates

“ 341Waterabsorphonolpeas o S - ‘, ‘. o

Abom 10 g of seeds were soaked in drsulled water wrth a rano of 1 4 (seeds to water

'al 23 C (room temperature), 30°C, 35° C 45 C and 55°C. The soakmg time- mtervals were 2 hﬂ
‘ f or the samples at 23 C and 30C and 1 h for those at hlgher temperatures After soakrng. the
seeds were dramed and drred wrth blottmg paper {¢] remove excess surface water /The peas%

. were, then rewexghed and .the increase in wenght taken as the amount of water absorbed The

beanons were done m_mphcare. DR ' . U '

"3 4. .“ The ease of removmg seed coats R ’ e
Besrdes water absorpuon the texture of soakéd peas was used as a parameter 10
' determme the opumum soakrng time. For thrs purpose. an Instron - Universal '?*sung
‘A ] Instrument Model 1132 (Instron Corp MA USA) wrth 50 kg load cell (compressron type'
2511-203) was employed A standard 10 crn compressron anvil probe (T372-63) was selected'r
-as well*as a ﬂat support plate (T372-18) on a support frame (T372-71). To examme the
effect of deforrnauon rate, the Instron recorder was set ata drive speed (crosshead speed) of |
5.0 cm/mm chan speed of 50 cm/min and f orce range of 10 kg f ull scale. o |
_ Tnplrcate sarnples of 10 -peas from each soakmg condition were compressed with the g '
- peas placed on their flat side. The ease of seed coat removal was meaSured from the average
mrmrnurn force required to break ‘the seed coat. Thrs force corresponded to the herght lof the”

frrst peak of the def ormauon curve (Frgure 3 2) and was expressed as kg/g soaked peas

L8t
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Jié‘ure 3:2 Deformation cugves-of cowpea seeds. A. duplica.le'unsbaked,seéds;
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3.4.3 Hull rernoval

3.4.3.1 The use of a rubben-matted barley deawner |

Retchert et al (1979) studied the use of a rubber matted barley deawner for dehullmg
brown cowpeas (Vzgna”unguzculata car. Red Dan Bornu) and black-eyed cowpeas (Vigna
ungulcu./ata car. White Dan Bornu) soaked in water for 10- 12 min. They found that the.
rubber-matted barley deawner was very effi rcrent for the purpose Therefore a similar piece-
of equrpment was constructed at the Department of Food Technology, 'Khon Kaen Umversrty,
Tharland,%based on the desrgn of the devrce used by Rerchert et al. A plf@ograph of the‘_y ,
completed unit is shown in Figure 3.3. 7 ‘ o .

The mrddle roller of - the deawner rotates at approxrmately 56 rpm, while the outside

T

- ones rotate at 24 rpm The seeds are srmply mtroduced mto the space above the mrddle roller

)

5

¥

“

To test the barley deawner on red cowpeas 6-1 US, 300 gcbatches of dry seeds were soaked in

p water for 6 8, 10 and 12 h at 30°C. After soalung the excess water ‘was poured off and

) the peas. were left to dram~f or 2 min. The soaked seeds were passed through the deawner in

approxrmately 10- 15 sec and- spread to 'dry in 2 smgle layer at 60-70°C in a bin drier.

Duphcate trrals were condUCted for each soakmg time. Lo

3 4.3. 2 The use of stone mrlls »
| Stone mrlls have a long hrstorv of use as mechamcal processmg equrpment for cereals :
and legumes However o attempt has been made to use_ ¢ such mills in wet de’l;ullmg of
legumes Therefore In thts study the surtabrlrty of stone mtlls for the ‘wet dehulhng of -
cowpeas was ev'aluat . For comparrson two stone mrlls with drameter of %9 cm and speed of
‘the lower roller of 07 Ipm were used. One of the stone mills had grooves on both srdes of
the roller ) surfaces The grooves were approxrmately 10 mm wide and 1- 2 mm deep The

other stone mill had s:rmlar grooves, but wrth a depth of 5 mm, Photographs of the stone rmll )

are shown m Frgure34 I o : ‘

A factonal desrgn vgrth 3 vanables was adopted for the experrment (1) type of stone v

“mill surface (2) s akmg time (6 8,10 and 12 h) and (3) roller cleadance (3 S, 4. .0, 4. 5 and
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 Figure 3.4 The electrical stone mill.
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5.0 mm) Tnphcate sarnples of 300 g of dry seeds were soaked in %wa@ at 30‘C and A

{ t
seeds were separated from the hull by steepmg under running water bef m'e‘drying at 70" for

‘

§h m a cabinet drier. N

“The yield was determmed by wexghmg the dehulled seeds obtamed and calculaung the‘

‘percentage based on the ongmal seed weight. The percentage of hull remaining was sxmply
\ . . v

that of the whole seeds not broken by the stone milt. -

a

| uCotyledon loss was calculated based on 12.2% seed coat as:

% cotyledon loss =.100 (1 - A /E ) R ..
whire: - | |
'A = actua] yield
= expected yield .
- =100 - (12.2 X % hull removed / 100)
: '\- |
3.4.4 Processing of flour - :

Cowpea seeds (3 kg ‘batches) were ‘soaked in tap water at 30°C for 10 h and dehulled

using a stone mxll adJusted to a clearance of 4.0 mm m order to obtam 70-75% yield. After

hull removal by‘steepmg under runmng water,_dehul'led seeds were cenmfuged in a basket

~ centrifuge at 1,450 rpm and dried at 65'C ';or 8 hina ‘cabin_et drier and then milled by a

hammer mill into flour as in' 3.3.1 The process is schematically depicted in HFigure 3.5.

=Y A

© 3.4.5 Processing. of starch and protein _ _

-)3.4:5.1 isolation from whole seeds : A : ',‘ .

Maywald (1968) 'I'olmesqurm et al. (1971) and Bhumrratana (1977).

'dramed for 1-2 min before introducing them into the feedmg inlet of th $one mm, Deved .

Starch and protem were _isolated by methods which were modlfrcatwns of those

ere soaked for 1h at 30C m lap water to whrch 0. 05% KMS .
’“1su"lf1te’) had boen added,,wuh a seeds to water ratro of 1: 4 'I’hcy were

e v

’ ,exther ground wnth dxsulled water '(1; 1) m aaHomolord Mlll Frtz Mill . model JT (Fuzpatrxck .

:‘A'»
N . . [
o ® B
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Co:, Elmhurst, IL, -USA:) with a screen JB. type of 180 um opening, or in a commercial
Waring blender w'ith water in a ratio of 1:3 for 1 min at low speed. In the former éase. the
gfound slurry was diluted 2 times with water and was then adjusted ;o pH 9.0 with 1.0'M
NaOH, followed by sdreening through a 120 um and then a 200 um sieve. The residue was
grdnnd a'gain‘ and repeatedly écreenad as before. The liquids contai'ning‘ starch and protein
were com.bined and allowed to stand at 4'C for about 6 h to allow the starch to settlc then
the hquxd was drained off. The starch was washed repeatedly with water and allowed to settlc.
until the washmg water was. neutral and the starch was cleaned The starch was then axr -dried
and powdered to pass through an 80-mesh sieve, _

The separated hqu1d was adjusted to pH 4.3- 4, 4 according to the isoelectric point of
cowpea protein studled in 3.6.1.2, with 1.0 N HCl and then heated to 80°C wnth a holding
" time of 10 min. Prempltated protein was cenmfuged in a basket centrifuge and dried in a.
cabinet drier at 60-65°C for 6-8 h. bried protein cake was gronnd in a hamm@?r mill. The

process of starch and protein isolation is shown in Figure 3.6. f

3452 Sta;'Ch isolation from starch cnncentrate (SIl) obtained from air classification

- A S00¢g batch of SII was mixed with dlsulled water with an SII to water ratio of 1:4
.;- and the pH of the slurry was adJusted to 9 with 1.0 M NaOH. The slurrv was then ‘stirred for
15 min. This was followed by centrifugation in a 250 m} bottlc in.a Beckman centrifuge model
~-J-21B (Beckman Instruments, Inc., ‘Pal'o Alto, CA, USA) at,8,000 rpm for 15 min. The
sta;ch obtained was washed one more time with the alkaiine solution and rccentrif uged. The
‘starch was washed with water and centrifuged until the wash water \;/as almost neutral (5-6
runs) and was then dried in a hot air oven at SO'C for 3 h. The isolated starch was powdered

to pass through an 80-mesh sieve. The process of starch isolation is shown in Figure 3.7,

[

3.5 Morphology Determination of Cowpea Flours and Starches
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Figure 3.6 Flowchart for starch and protein isolation by wet processing.
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3.5.1 Scanning electron mic;yscopy (SEM) Q

A seed was fractured and fixed on a circular aluminum stud with conductive silver
paste. The fractures were sputter-coated twice with 20 nm of gold at 900 V and 40 mAipa
vacuum. The morphological properties of the seed were then .,viéwed in a meridge
. Stereoscan 150 differential scannix;g electron microscope (Cambridge Sc‘iehtific Instmmé;n.
Ltd., England) at an electrical acceleration potential of 15 kv. Photomicrog:aplis of thé‘“seed 's
structure were made at 8,000x magnfTication. ‘ ‘
Samples of flour, protein fréctions, starch fracfions and isolated starch were fixed

with double-coated tape onto aluminum studs, then sputter-coated with gold and examined as

described above.

£

3.5.2 Light microscopy

The isolated cowéea sta;ch was studied under normal and pbla;ized light using a
Zeiss- Winkel standard bolarizing microscobe (R. Winkel GMBH, Gottingen, W. Germany).ﬁ
The sample was prepared as in 3.3.2.1. Photorfxicrographs were taken at a magnification of
400 with a ‘Zeiss type cs photomicrographic camera with basic unit I, focusing eyepiece K
mechanical shutter and type C-35 camera attachment (Carl Zeiss, Obefkachen, Ww. Gerr‘n‘any).

-3.6 Chemical Analyses . .

3.6.1 Proximate analysés _
' AOAC Mettiods 14084, 14.085, 14.087, 14.088-14.089, and 47.021-47.023 (AOAC,
1980) were adopted for the determination of moisture, ash, crude fiber, lipid, and nitrogen of

all samples.

»

@

3.6.2 Total dietary fiber |
Total dietary fiber (TDF) was determined with the method described by Prosky et al. '

(1984) as follows: Dried samples (fat extracted if containing more than 5% fat), in duplicate,



61
were gelatinized with Thermamyl-120L, heat-stable alpha-amylase (Novo Laboratories Inc.,
Copenhagen, Denmark), and then enzymatically digested with subtilopeptidase A, Type VI
(Sigma Chemig:a}. Co., St. Louis, MO, USA) to remc;vé the protein and starch. 95% ;manol
was added to .pre'cipitate the soluble fiber. Tbc residue was filtered, washed. with 74% elhanof.
95% _etl;anol. and then with acetonie‘. The residue was dried and weighed. One of thc duplicates
was énalyzed for protein, and the other was incinerated at 525°C and the ash content was
determined. The TDF was calculated as follows:
TDF (%) = [Rx (1-P-A) - B] x 108/Wx

‘where: ’

Rx = replicate weights, in mg, of residues

P = protein content in residue expressed as a decimal

A = ash weight expressed as'a decimal | .

B

blank correction
Wx = average ‘weight of samples
3.6.3 Hydrogen ion activity (pH)
A Fisher Accumet pH meter, model 320 (Fisher Scientific Co.) was used to measure

pH-of the samples according to AOAC method 14.022 (AOAC, 1980).

3.6.4 Calcium and phosphorus

Calcium contents Wére determined with a Perkin-Elmer atomic absorption spectro-
photometer, model 380 (The Perkin-Elmer Corporation, Norwalk, CT, USA) accordmg to
AOQOAC mer.hods 7.091-7.095 (AOAC, 1980). At the standard condition of the 1nstrumem the
working ~r4nge for Ca was linear up to a concemrauon of approximately 5 ug/ml, using -
calcium chloride solution. Calcium content of the saxhple solutions was calcuiat.cd from a
"regressnon equation of the standard curve: “

Y = 0.00179 + 0.04857X (wnh r = 0.9993)

where:

Y B
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A”Y = absorbance
| X = ppm of calcium
Phosphorus' contents of sarrrples were determined photometrically with a Beckman‘
DU- 8 spectophotometer (Beckman Instruments, lnc ) accordms u: AQAC methoda
7.120-7.123 (AOAC, 1980), wrth a tenrfold decrease §n 'workmg concentrauon nnd vplume. A

standard curve was prepared using a standard solun ngf potassrum dihydrogen phosphate -
havmg a regression equalron of:
' = 0.00011 + 0.08996X (wrth r = 0.9997)
where: ﬁ
| Y = absorr)ance | | W

X = ppm of phosphorus / o

3.6.5 Total sugars

&" L

The met.hod developed by Black and- Bagley (1978) was used to extract sugars m re

‘flours, protem and starch fracuons ' T

mm) wére” »

"

thoroughly rmxed with 10 m! of ethanol-water (80:20 v/v) using a glass smrmg rod.” Thc g

Cowpea samples of 1.00 g in 50 ml polyethylene centnfuge tubes- ( 100 '

samples were heated in an 80°C water bath for 30 min, with frequent snmng usmg ‘aavorte:; f'
mixer, and then centrifuged in a Beckman model J -21B centrifuge at 2,000 rpm for'3* _r_nr_n., :'
The above extraction was repeated three times, each time combining the extracts in Aa ‘S(I)‘m'l r
beaker The combmed extract was deproterruzed wrth 2 mi of 10% lead acetate and
centrifuged. The precrprtare was washed with 3 m! of ethanol soluuon and recenmfuged The‘ .
wash and the extract were combined and the solution was evaporated to abour 20 ml on a
steam bath. Excess lead was precipitated with 10% oxalic acid until the extracr was free of_
lead. The extract was then centnfuged to remove the lead oxalate, and the ,clear‘ extract was
qrram;tau‘vely transferred into a 25 m! rrolumetric-flaak and brought to volume with water. N
Sugar extracts from samples in mplmre were measured for total sugars by the

phenol -sulfuric acid colorrmetnc procedure of Dubors ‘et al ( 19{;6) usmg raffmose as the

an
-4



~ 3.6.6 Starch ‘ - fy

-where:

s‘fandard (Cerning-Beroard, 1975). The'regrc;sion equation of —‘b standard curve was:
' Y = -'0;0666 + 0.01436X (with r = 0.9999)
where: : J o ‘ n | ' '
Y= abso‘rbance‘
X = ppm of raffifose ! |
e A sugar solution of 20 ul '(con;aining 10-70 @g sugars) was pipetted into test tubes -
and distilled water was added to bring the volume to 2 ml followed by 0.05 ml of 80%

phenol. Then $§ ml conc. sulfuric acid were added rapidly, being dlrectcd against the surface of

the'liquid. The tubes were allowed to stand 10 min before being shaken and were placed for

"~ 10-20 min in a water bath at 25-30'C before readings were tal(cn The absorbance of the

charactensuc yellow-orange color was measured at 490 nm by a Gilford model 250
2 &

~ spectrophotometer’ equipped with ‘a rapid sampler model 2443 -A (Gnll‘ord lnstrumcnt

Laboratories Inc., Oberlm OH, USA) B
i v/

)] -

1

Thc starch- glucoamylase method with subsequent measurement of glucose thh
glucose oxidase, AACC method 76 -11-(AACC, 1982). was used to determmev starch content in
samples. ' | o - LT

Samples after sugar exuacuon as in. secqon 3.6.5, wcrc hydrolvzed by glucoamylasc
Al514 from Aspergtllus niger (ngma Chemical Co) Liberated glucose from starch was
determined epzymatically by the' conversnon of D- glucose to O- uconatemsmg glucose “oxidase

4

type' Il 'from‘.‘}«ispergi'ltlu& rliger. peroxidase type 1 from horseradish, and O-dianisidine

dihydrochloride (all obtained from Sigma Chemical Co.). The absorbance was read using a

Gilford model 250 spchOphoiomctcr equlppod with a rapid séhlplcr model 2443-A (Gilford
Instrument Laboratories Inc.). A s;andard curve of glucose solution was prepared, having a" '
regression equation of :

Y = -0.01166 + 0.02223X (with 1 = 0.9995)



o / amount of amylose in cowpea and mung Bean starches The regressxon equauon of the’ cowpea e

- 3 6 7 Damageg starch

' 'of N NaOH before bemg warmed for 3 min in a

where; -~ . -~ . Lol oo B e AT L

&
. ‘ i ;,\“64
. - 'Y = absotbance
3 K ) : . i
e X = ppm"of glucose i | “a
. ~ ‘

Damaged starch (resultmg from mechamcal fracture) ‘was determmed by AACC-___'

. method 76 30A (AACC 1982) The method determmed percentage of starch granules in .

g samples that were suscepttble to hydrolysrs by alpha arnylase Percentage starch damage is

o

. defrned as g starch subject to enzymatw hydrolySts per 100 g sample on a 14% morsture basns

: The f ungal alpha- amylase Myl X contamsng 450 SKB umts/g ‘\as obtamed from Akzo .

Chexrue UK Ld ( London) Tnphoate determmatrons were conducted PR S r—u
' : ’ |
: et " o L o ‘ o

“368Amylose P’ L

Amylose content of cowpea starch was’ “d‘termtned and ;ompared with mung bean

l starch by the colonmetnc method of thbert and Spragg (1964) A sample of 0 5 mg, in
| trtplrcate was drspersed in 1.0 ml water ina 50 rl flask followed ’oy the addrtron ot‘ 0.3 ml v

S AN _
: equwalent amount of approphmately N HCl was added as well as_Q 07- O lg of potassrum

‘ hydrogen tartrate About 45 ml water and *05 ml iodine” solutron (2 mg 1odrne/ml 20 -mg ‘

’

g , potassrum todlde/ml) were added The solutron was made up 10 50. ml nuxed and allowed to

stand 20 min at room tempe.xaturé ’I'he absorbanee was measured at 680 nm m a Beckman '

v DU 8 spectrophotorﬂete' The standard curvefof ‘pire’ cowpeé and mung bean amylose- L

o

'rocedure was used to mlculate the

amylopectm rrlktures (,g@ 80) Of’);l}led by ghe same

* o X . e . . ; )
standardcurvewas 0 TS R S

. .. :" ' LI o ° . N B S s
T L Y = 0,003 + 089X (with = 09999 o -
. JL i.v o o {} v R

1hng ‘water bath Af ter coolrng, an. exactly SR



X2 |
The regression-e_quation ol‘ the rnung'bean standard curve was: . | - '.

- Y = 0.0042 + 0971x (witht = 0 99976) o \ V;‘f "“ m

‘Pure amylose and amylopectrn from cowpea ‘and mung bean starches were Prcpared by o

_the method of Grlbert et al., (1964) Each starch about 10 8 was suspended m 1200 ml of :

_0 157 N NaOH and gently strrred untrl it became clear 'I‘hen 300 nkof 59’g I;laCl solutron

-were added and the drspersron"Was neu’lrz& with N hydrochlonc acid to pH 6 5 7 5 After, . ~ i

o 4

standlng about 15 h at room {eﬁera[{&sh‘lﬂded £rom drafts % radrant heat and light, ‘the .

- supernatant amylose solutton was separated from the settled gel of amylopectm by

g.

2,

l)«

q%rough tl;e solutrcﬁ' for 10 min in a vesseﬁreated in a borhng water bath Amylose was then

| gel was then freeZe-drr,ed afterj:entrrf ugatron : >

' _“3 6.9 Fatty ac’;B‘

: "for 24 h in a Soxhlﬂt extractor, The so‘lvent wasaevapqrated on. a i_e_,am bath Orl samples of

- srphomng The solutron was frltered through a Whatman #3 frlter paper and was saturated

- with redrstrlled 1- butanol° and strrred gently for 1h before allowrng the amylose butanol

*

" "complex 0 settle for 2-3 h. The clear supernatant was §1phoned off and the partrally

sedrmented solrd was centrrfuged in a Be lrman centrfuge model I 21B at 3, OOO rpm f or 15

mm The complert was t,hen strrred rn water saturated with 1-butano! and reconcentrated by

-

twrce centrrfugmg as before The Mputanol was removed by bubblmg oxygen -f ree mtrogen

freezedrred g L . P T ' o :

. e

. The amylopectm gel was centrlfugrd in Beckrnan centrrf uge model J- ”1B at 8 000 $Pm

for 20 min. The supernatant was chscarded and 1% sodrurn chlorrde solutron was added to the

f

]

“ﬁ,gel wrth strrrmg The mrxtu{ﬂ. was allowed o stand 20 h, and the gel was collected by I

‘ centrrfugmg as. before A second washmg was undertaken under the same condrtlons and the

a

- ..;,1' .

L a;'; e
= '«%’ 4 T
ocessed flours and protem rsolate
. ..' w Q\ W
> ;y;ere extra ed “with redrsttlled ethyl ether
. = %

about 350 mg were saponrfred and%lt'y acrds%e b raeedvand esterrﬁred 1n the presence of o

'BF; catalyst. accor;drng to AOAC methods 28 053 28 056 (AOA@ 1980) Methyl esters ol' .

H . L
B N 3 . . A 13 Lo ©
- . = . . [ . . L : R .

PR



66
fatty acids ‘were determmed using gas chromatography as descnbed by AOAC methods
28.057-28. 064 (AOAC 1980) using a. Vanan model 3700 gas chromatograph (Varian Assogp
Instr Palo Alto, CA USA) equlpped thh a 50 m x 025 mm id. fused srhca captllary ..
column a l‘lame 1omzatton detector attached to a Hewlett Packard mtegrator model 2645A

“o. " (Hewlett-Packard, Palo Alto, CA, USA) and an automattc split-type injector. The operating
» "v,conditlons were as‘l;ol}ows:' attenuation 64; range‘;:lO"i A/mV; mode isothermal; column

: tempera'ture programmed from 150;210'C at 12 C‘/mln; injector' port temper; turet 240‘C'

detector port temperature 240C carrier gas rutrogen at 2, 0 ml/min; auxtllary gases mtrogen
at 30 ml/mm hydrogen.at 30 ml/mm and compressed air at 300 ml/min. l‘ "
Duphcate samples of methyl estcrs of cowpea oil drluted in -0.5 ul heptane were
_ mj@cted Methyl esterﬁ, of canola orl were used as reference standards Percentage composmon ;

T rol‘ each fractxon was evaluated l”rom ‘the peak area of mdlvrdual components obtamed from
“the r'megrator.,‘: o e e e C | TR /

| 3 6.10 Amlno aclds _
. 54

Duplrcate protem fractlons ( PI) dry and wet processed flours and protem “isolate

samples -of 1000 g were hydrolyzed by refluxmg wlfh 25ml6 N HCI for 25 h. The tre%tment__» .

- was a compromlse b'etwcen attammg complete hydrolysrs of- the protems and destructron ol""f“ 2
: ; somehof Jthe ammo actds The soluuon was flltered and 50 ml of the frltrate contammg about .
' £14_ ‘mg .protexn, was evaporated to dryness with pure;'mtrogen -vat SO’C.‘ Hydrochlorrc acrd
solution of pH 2, ’contaihing internal standard, was ad it thorough mixing. The mirture k‘ -'
was determined for_aminoa;cids, in 3" Beckman automatic amino acid analyzer model 121MB
3 (Beckman Instruments In’cb)' Three‘buffer'oOlutions of pd 3. 28, 13,90 and 4.95, witl;’ flow -
rate of ll() ml/h wgre used to elute the ammo acrds through a Becltman AA-10° column wrth
= temperature programmed to’ 50 65‘C Eluted a.mglo acids_ Were reacted wrth ntnhydrm reagent
| at a flow rate of 5 ml/h in a heated reacttoﬁ bath at 95'C Color intensity of the amino
‘ alnd mnhydnn complex was eglete&te% vlnth a colonmeter mstalled m the same unit.

e k Concentratxon of each amxno acxd recorded and calculated by a Beckman lnodel 126 Data

. R "s, v T

: L S . ., .
- . ! . . N a . o . Y :
) « . fi < o) S P L
N B . - : e b . . - =z . - E i’



' "V"(MW = 20 100) and alpha lac’talbumm (MW 14,200) were employed as molecular weight

System. o S . -
- The operating procedures were as described: i i the Users Manual and all standard |

i buf f ers and reagents required ‘were obtamed f rom the manufacturer

< - 3

"
->

3.6.11 Molecular weight of cowpea protein

Electrophore515 m sodrum dodecyl -sulfate (SDS) polyacrylamrde gel with linear

concentrattons of acrylam‘de rangmg from 7. 5 to 15% developed by Ghua (1980) was carried-

- -out to estimate molecular werghts of cowpea proteirs in wet mrlled ﬂour dry mrlled flour and

protein 1solate Bovme serum aﬁiumm (MW 66 OQO) ovalbumm (MW 45 000) gl)cer '

,",aldepyde 3 -p- dehYdrogenase (MW = 29 000) trypsmogen (MW- = 24 000) tr)psm rnhnbltor :

Fo

markers. -
Dry and wet processedflours and ‘protein isolate samples of 1 g were extracted with 50

ml of 2% NaCl soluuon for 1hat ‘ioom temperature Soluble proieins were separated usmg a

..

¥
‘Beckman centnfuge model J 21B at 12 000 tpm for 30 mm Supematants were dralysed with ™

drstrlled water at'4'C for 24 h qu freeze-dried.

" 17.2% sucrose 0. 1% SDS 0. 02% N N N'N'- tetramethvlethylenedtamme (TEMED) 0 03%
J

persulfate, Tns.-HCl buffer.pH 9.18, resolvmg gel solutrons by rmxmg the two solutrons using ‘

ammomum persulfate Tris- HCl buffg(.pH 9.18. The hght portion of the gel containgd 7.5% '

f

acrylamide, 0. 2% bxsacrylamrde 5. 1% sucrose, 0. 1% SDS, 0. 04% TEMED 0-03% ammonium

a Buchler density gradrent mixer and strrrer issembly (Buchler Instruments Inc., Fort Lee -
"NJ "USA) m a qu,-Rad slab gel apparatus (Bro -RadLaboratories, Rlchmont CA, USA)L

After complete polymenzatron of - the gel, stackrng gel solution contamghg 6% acrylamtde -

The\dense‘portron of the 'gel.was prepared usin‘g 15% acrylamide, ’?'0 4% bisacrylamide,

-

T A, 16% btsacrylamrde 0. 1% SDS 0. 1% 'I'EMED 0 1% ammomum persulfa e, and Tns H,SO. i

: 30% glycerol

Y

, buffer pH 6 1 was added' and allowed to set.

Freeze dned samples were drssolved in ;ample buff solutron contalmng 1% SDS

2% beta-mercaptoethanol 0. 01% bromophenol blue, and Tri§-HC! buffer pH

/ o : . ) N !



v and &‘nnand Jones (1976) L ,' R N“L

&

68

6.8, to obtam a protema concentrauon ’l‘ 4 mg/ml. Sample solutions of 20 ul were loaded in a‘

.

Bno -Rad model 220 dual vertical slab gel electrophoresrs systern with upper reservou bufﬂ‘of ;
Tns borate pH 8.64 and lower IESErvoir buffer of Tns HCl PH 9. 18 A standard soluuon

~contammg molecular weight markers was prepared by the same procedure Electrophorésis was h

-performed at 15 mA for 5 h. The gels® were then stained wnth coomassie brilliant blue R250
(Sigma Chemxcal Co.) solutxon for 3 h and destq*ped with 7% acetxc acxd destaining solution.
Th’ls were equlhbrated overmght wigh the destammg solutton contamtng 2% glycerol and .

, drted on the cellophane membrane as described by Wallevxk ahd Jensemus ( 1982) a SR
. . : ! \ o ° '

)

)

3.6.12 Protein solubility profile g# *

(]

" Thg,method . used in thrs study was a modifi ication of those used by Hang et al. (1970)

\-a" R F .w ‘

1“ Dw mrlled wet n‘ulled flour and protem 1solate‘samples of 1 g were placed ina

.
125 ml fl'sk with 40 ml of dlstﬁ led water and" thq pH %? tﬁ dtsperslon was adJusted .as

desrred rangmg from 2-13, wrth 0.5 N HCI or 0 5 N NaOH The flasE was then shaken at
150 pm for 60 mtn at room tempergture The fH of” the soluuon w;s rechecked and. ,
‘,readjusted after 20 min of shakmg The mxxture was Mferred to a 50 ml centrifuge tube
.a.nd centnfuged ina Beckman eentnfuge model J-21B at }0, 000 rpm for 20 min, then flltered

'through Whatman #1 filter paper Pmally, the l‘rltrate was determined for nitrogen content mﬁ%

. by a micro- Kjeldahl method according to AOAC methods 47 021- 47 023 (AOAC 1980)

The protem solubtlrty profrle in ‘the ionic solutxon was. determxned by the same ~*v~

procedure,.but dlS[lll,ed" water was replaced~w1th ‘IM NaCl. R R ; .
C . . . ) . ‘- f ‘ »" ‘_ ﬁ- .

RN “@
2

- 3613Trypsin’ﬁtibitor o e e T B .

' . B
. AACC method 71- 70 (A.A,CC 1982) for the d&termmauon of trypsm mhrbrtor acuvuy

of\soy products was adopted in the determmauon of trypsm mhrbttor in cowpea flours, starch

and protem fractxons mcludmg protem 1solate in duphcate .

. e, P . . [T, s B .



One trypsm unit ('I'U) is def‘med as an increase of 0.01 absorbance units at 410 nm

,,r
v

per 10 ml of reacuon mrxture under the condrtions requrred by the procedure Trypsm-— <

" . mhrbrtor actrvrty was expressed in terrn\f\m@m Lrnhrbrtor umts ‘TIU) Trypsrp type m -
' benioy | ‘

from bovine pancréas, salt-free, and DL argmme -P- mtroaT “de hydrochloride were

obtained from Srg% Cb‘e i

1 Co. The absorbance was measured with-a Beckman DU-8
spectrophotopa | o ' . et :
pe p V "“ ¥ ) (N ‘ . ) . ' &3%‘ ’

-

H

Tannm contents of cowpea ﬂours starch and protem fractions, and protem isolate
. ~§

" i samples were estrmated in trrplrcate with the method described by Sharp et al. (1978), usmg '

uv spectrophotometry

]
<

. , - v A 300 mg sample and 35 m! HCl- ethanol . (20:80 v/v) were plAced in a 50 ml

o

ccntrrfuge tube The tube was placed in a shakmg water bath at 75°C foy 3 h The,sample was
cooled in cold water and centrifuged for 10 min*at 8 OOO Ip m ge'ckman centrlfuge model
3 2,1 efupernatant was decanted mto a 100 m] volume tric ask e sediment was agam

g

) 'ed*rth 35 ml of HCl ethanol and cenmfuged as before The supematant was combmed in’

-ﬁ‘ e 100 ml voMnetric flask and brought 1o yalume, with HCl-ethanol. A ml aliquot was™

drluted to 50 mi wrth 50% ethanol The absorbance was measured agamft a 50% ethanol blank .

ol

at 280 nm usmg a Beckman, DU- 8 spectrophotometer Certified reagent-grade tanmc acid was”

used to prepare a standard .curve havrng a regressron )equauon of: ; .o
Y = -0.01105 + 0.05466X (with r = 0.99999%% ,
Lowherep o
U T »‘{."=’aybsorbarfce,> TR -
| X = pPpm of(,tanrﬁc.acid - . ' 3 e s, S
4 : - S : : : ‘,_‘ o & J. ;

P
»
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3.7 Physlcal and Functional Properties

R

LA

3.7.1 Bulk density

-
1 -

‘v

3 %&‘l’ Gplor measurement "

The color of -all samples was measured by a Hunterlab mode! 02503 colar and color”
oo
dxffererr’& meter (Hunter Associates Laboratory, Inc Fatrfax, VA USA) 'I'he color obtained -
_}was expressed in Hunter,L a and b yalues: The L value measures lrghtness and varies from

‘100 for perfect whrtﬁ for black, approxtmately as the eye would evaluate‘ it. The a-value

us (=), gray when 0, and greenness when minus (- ) The, b-value

».measures ~yellowness when' plus, .gray when zero and blueness when minus. T riplicate
t“ - . . R . . -

. - measurements were carried out.

A e

3 1.3 Gelatrmzatton of Stdreh~

n Gelattmzauon temperature was observed under a hot stage Rgtchert Thermovar .

‘ polanzed light microscope, mode%H‘I‘lBll (C. Reichert Opttschrmrﬂ‘}.. Wien, Austrta)
) A A

at a magmﬁcauon of 100x: “As’in the method of Watson (_l%&a drop of 0.2% starch 2 =

" solutton was placed ona glass slide and covered wrth a cover slip, the edges of whreh were

i

. sealed with” heavy mmeral oil. to mmumze t,lje movement of starch granules dunng heatmg

a0 \
The rate . of temperature tnorease was 2 C' per . min. Recordxngs ‘were made of " the
-

tempetatures gor@pondmg to the loss of bu'efnngenoe by 2,.50 and 98% of the granules in

the freld ﬂe ;98% point was taken as\the gelatxmzatxon tempelature end pomt

Starch gelattmzatron at hrgh concentrauon was studied by dxfferenttal scanmng

mlortmetry (Btlxaderts et al., 198,0) Starch of known morsture content was mixed wrth ‘an ‘

appropnate amount of dtsulled water and’ allowed to stand fc or 1 h at room temperature

o A
«

L
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before h?ft?dﬁw%h&‘bles of 1042 mg were heated in hermetrcally*sealed Du Pont coatéd{q

_ ¥
alumrnum pans usmg a- Du‘Pont 990. thermal analyzer with the 910 DSC cell base (DuPont

~ . Co., Wilmingon, DE USA) Samples were. heated from 30- 130‘C ata rate of 5 C /min. The

DSC thermograms of the samples were recorgled with DSC sensmvrty on the cell of 10x and 5 -

mV/cm on the chart, wrth a time base setting of 1 mm/cm An empty DSC pan was used as .

£

reference in all determmauons Gelatinization temperature ranges were determmcd from the

. thermograms and the enthalples of gelatrmzatron were calculated A generaltzed DSC therg}o #,, g,é -

Ty g’&’ .

gram with the cixaracter@lc »qlﬁmtsues marked xs,§hown in E;gure 3 8 - - e et A
‘ T?le enthalpres of gelaumzauon per gram of starch were calcul..ted from the followmg
) formula ‘ ’ ‘ J i ' ' | '
‘ aH = 60(A)(B)(E)(ags)/(M)(C) : o
_' where: . | ' 0 , ‘ .
AH = enthalpy of gelaumzauon in cal/g starch ' . | Q _ : “;“
A= peak area in cm? ; ' | . f"
. © B = time base setting (m’in/cm) ‘
‘4 ¢ = weight fractron of starch B . .‘ ‘
\ : E = cell calibration coefficient (nﬁV/mV) ‘ ‘
M = sample mass (mg) - e .[‘ ' r,;;,;;"‘

- , - .
ags = y-axis setting on the DSC (mV/cm)

’

w .

3.7.4 Viscosity of starch paste .
l’iscasity of starch samples (frpmt‘cowpea, mung bean rice. glutineous rice,tapioc'a."
and- cowpea-tapioca mixtures) was ﬁéterrhined with a ‘methpd which was a modiflcation of
that us&d by Mazurs er al. (1957) usmg an Ohg Dursburg ‘brabender amylograph (Ohg “ |
-Dursburg, J¥. Germany) with 700 cmg sensrtrvrty cartrrdges. a pm style stirrer, and bowl

rotating speed of 75 rpm. An 8% starch slurry (dry“basrs) was prepared in a 500 m]

'volumetnc flask by suspendmg 40 g of starch in distilled water made up to the mark The

v

slurry was then transferred to the cup. of the Brabender Amylograph and ,the determmauoni_

LY
1 +

b

. Lo S . . ' . ¢ . L.
a ' v, iy v . - ”..A ! . .
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73
was carned out. The temperature lncrease was 1.5 C‘/mm to the maxtmum temperature of
95°C. After maintaining that temperature for 15 min, the- sample was cooled at the same rate
to 50'6. ' ‘ . ety

The bfollowmg four significant points on.the viscosity curve (Figure 3.9) will be

studied (AACC, 1980):

1. Pasting peak, irrespective 'of the temperaturé’ at which it is, attained' This Viscosity is ‘

L4

important to the user because i in most cases he must cogk throuﬁh this stage to obtain

a usable starch paste o ' SR
2. Viscosity when pasté reaches 95°C. The relationship-of this walue to pedk viscosity refielts
the ease of cooking the starch. . ‘

3. Viscosity after cookmg 15 min at 95°C. This point illustrates the stabiltty or breakdown of

L

the paste during cookmg 0. - i : N -'
. “'Q" . B
4’. Set back on. coolmg vnscos:ty after coolmg paste téff%c Q'l‘he extent of increase in
vrscosrty on coolmg 16 SOC\reﬂects the retrogradatron tendency of the starch product
'.3 7.5 Dough mixtng propemes of composite cowpea flours . (
. errng propcrties were studied wrth a\Ohg Dursburg Brabender Farmograph (Ohg
‘ Duisburg. W. Germany) equipped with a 300 g stamless steel mixmg bowl using the constant

Q we

flour weight procedure described by AACC method 54 &(AACC 19%2\ ater absorpuon
.was the amount of water required to center the curve on

e 500 Brabender unit- ltne based on
300 .g of flour at 14% moisture content. Wheft flour for makmg bread "cakes and biscuits,
rncludmg all ‘purpose flour (produced by United Flour Mtll €o. Lud., Bangkokx\Thailand)_’
were used as standards for companson wrth wheat-cowpea flour blends. The composrte l’lours\.
were bread ﬂour in which 10-40% of the flour had been replaced by Pl flour pin mtlled flour

or wet. dehulled flour

Interpretation values were derived as follows from f arinogtapht curves (Figure 3.10):

”
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Figure 3.9 Points of significance on. Brabender amylogram.,
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3. Mixing tolerance index (MT1) 4@

-

e usn)’? Vith

I ‘:"”h T “ | 76

NPT

water to that point in Sgpnsistency range, immediately before .the first

« indication of wedkening .

g

| peak to the top of the curve measured at S min after the peak wasr/eg_clrgd/ '
3. Suability. This was defined as time difference between the point where the top of"the
curve first intersected the 500 B.U. line (arrival time) and the polnt where the top of
. ! R

the curve left the 500 B.U. line (departure time). -

3:7.6 Water and ofl absorptron :
-
" ~ Water absorptron of starch, ﬂours starch apd protem fractions, and protern &olated

" from cowpea was determined in trrplrcate according to AACC method 88-04 (AACC, 1982).
<89, !

Water a‘bsorption was defined as the ﬂi’mur’n arnoun-t of water that 1 g of material would

~ imbibe and retam under low speed centrtfuganbn Smce only enough water was added to -

satur

the sample and not to- cause a qumd phase measure \\not affected by

solubill!y of the matenal ‘ - T R | N S "

“Oil absorptron was determined in tnplrcate by the method of Lin et al (1274) A 0.5 _
g sample aad 3.0 rnl of cord orl were added to a 15 ml conical graduated centrrf uge tube. The

1. Dough development tixne;(pee'kim‘ N was the interval l"rorn"'t'he f{m a'd"dltion“ of

'value was a difference in B.U. from the top of ther

“

-

\

contents ,were stirred fo‘l‘ 1 mln with a thin brass wire to drsperse the sarnple in the oil. After )

of 30 min, the tube ‘was centnfuged at 2,200 rpm for 25 mm ina rernforced

'onal model 825. cenmfuge (Internatronal Equxpment Co., Needham Hts., MA,
&\swmgmg budket rotor and t}lé volumé of free oil was read Orl Qbsotpﬂs‘ea?v/vas

' - exp as th\e amount "of com oil bound by a 100 g sample havmg llﬂ% morsture

J \
» R L}
B - n

3 7.1 Emulslfying activity and stability - S , DY
l The method of Yasumatsu et al. (1972) was modrfred Cowpea flours starch (and
protem fractrons and protein isolate samples of 20 g drspersed in 50 ml cold drstrlled water

lé) vatb pl-l ad;usted to 68 were blended wrth 50 m! red-dyed corn orl (Marshall et al.,
wj"g - / , ‘_', ” .

[E ' . o . | \

,;J\" X

B
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.38 Biologrcal Evaluation of Protein Quality S .

’ protem effrcrency ratio (PER) w:rh AOAC methods 43. 2)7—43 216 (AOA

TA, e e - D YA

: . / E [ . ' ‘ .".‘ - 77
. . / r : .. : o
¢ ! , - e

b

1975) l‘orqmm at 20 500 rpm using a Warmg semi- mlcro plenler Each blended sample was
drvrded equally into four 15 ml test tubes Two tubes were directly cemrll;uged at 2,200 rpm

for 10 mln in .a reinforced IEC lmematronal model S2l( cenuifuge with i swinaing bucket‘ .

roror while the others were similarly cenlnfuged after Reating in a water bath at 80°C for“30
min ‘and then coolmg to room temperature.” The heights of the emulsrfred layers asta
percentage of the total heights of material in unheated and heated tubes were chlculared for

_emulsif’ ying activity and stability, tespectrvely Triplicate determmauons were conducted

A
H ! \

>

3.7.8 Foarning property and foam stability | ,
The merhod of Okaka and Porter (1979b) was followed in r[ns study Cowpea flours.

) { in frrplrcarte suspended in 50

" ml drsulled water (4€) were adjusted to pH 6. 8 and the suspensrons were mrxed at '20 500

ser?r micro' blender Jar The mrxrures were poured ‘mto gra,ﬂualed

cylmders and allowed to settle for 2 'min. ‘l‘he volumes of foam were réported ‘as oammg T

property The volumes of foam after srandmg av 23°C for 1 h, expressed as percent Jof mmal

f oam volumes were' reported as f oam stabrhty

_ Cowpea seeds flours and protem were evaluared for their protem qu‘ rty in"terms oF

1980) Weaned
' Wistar male Tats (Rattus norvegreus) 23 dﬁys of age were obtamed l' rom the National

mrxture vitamin | mrxture cellulose and corn starch were obtained from the expermhenml

a0

ammal laboratory, the Institute of Fodd Research and Product Developmem. Kasetsart \

)

c1981)ﬂ There were ren rats per feedmg groupLAll rars were housedmdlvrdually in_stain

P —

!

'Laboratory Animal Centcr Mahidol Umv%rsrty, Nakorn Pathom. Tharland Casein, salt !

starch/sucrose (1: 1) was used as the carbohydrare sourge (Paramadﬂok and Sormasombtr:7 '

I

|

Umversrty, Bangkok, Tharland Soybean orl was, used mstead of cottonseed oil qnd com .

-

r.l

steel metabolic cages m a control experrmemal room at'a }emperalure o( 21 24C humrduy of :

¢ ] o Lo .ll ) ‘,Jf S
. ' ’ . J ‘.‘v //
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55-65%:, and llghung perrod of 12 h. Protem qualnty of the basal diet was calculated as
follows

Sample WClght = X = (1. 60)(100)/(%N of sample) . .

S

Soybean oil = 8-(X)(% ether extract)/lOO
Salt mr;cwrc = 5-(X)(% ash):/lOO
~  Vitamin mixture = 1 |
! Cellulose = 1+(X) (% crude ﬁber)/lOO
Watef = 5- (X)(% méisture)/100.
Sucrose/com stidoh, to make 100 V‘_ ‘ - o b
All "% flgurgz refer to the sample. Thrc)ughoul the assay period all rats 'were |

L provrded with the approprrate assay diet and water ad libium. Protein efflcrency ratio  and

protem qualrty of samples were calculated as follows:. o ®

" g ) PER = weight gain/protein (Nx6.25) intake
L » ;[; ; f,l Protem quallt) IOO(PER sample)/PER ref erence casem
. £ -4 ) ' ) ’ ’
ot 39 fmd, Products from Cowpea Flour, Starch and Protein o s

v 4!,\

»"";"- T . . ' . R s

¥

/391Bread - R _ SR AR
ﬁl'

Sof t,. buns, whxch had been well accepled among the northeastcrn p%ple of Thalland
“7_ were fi ormulated usmg cowpea blcnded flours based on the rccrpc developcd at the Departmem

of Food Technology, Khon Kaen Umversuy Khon Kaen, Thailand, by Chareonwatané
AR J /

f1984) The standard recipe, Wthh was used as a comrol had Lhe f ollowmg mgredlcms and

w

»

ryanufacturmg procedure g T R

Ingredleru.s (parts by werght) bread flour (14% morsture) 100 sugar 15; shortemng 10 egg S;
dnea n’lrlk 4. salt 2; yeast 0.6; water 60. o _ o (

Procedure . ,' o . o : o/

s
L4
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1.
2
L3,

"
. s,
6.

7.

allow the dough to rise to full' proof which takes about 40-45 min." ¥

. - . e P

1

dissolve mgredlems except shortening and flour, in watcr ) l

add flour to the sblution in. a mixer and mix unul water is abscsrbcd
add shortcmng -and- work the dough until smooth (the dough will pull wy from the

mdcs of the kettle when it is developed).

A

‘ let the dough ferm\em for 60 min, then cut and scale it into desired weights.

b

™~ ,
round the scaled dougﬁ;\cgver and allow it to relax for 10-15 min, then put it into-a

.

greased pan.

%ke at 210°C for 25 min.

8.4 remove breads from the pans, cool, weigh, and determme loaf volume by the rapeseed

-

dgsplacemem method, and keep in polyethylene bags for sensory evaluation the next

J . . B
. - .

o day. ‘ N

\ |
Brcad flour was subsmuted thh 10, 15 and 20% cowpea ﬂours (14% mmsture) The

dough was scaled for 310 g each.

3.9.2 Cookies

A recipe for butter cdokies. developed at the Dépanment of Food Technology. Khon

'“pKaen ljniversity'."'Khon Kaen, Thailand, by Chareonwatana (1984), was used as a standard

!

‘recipe. In the experimental cowpea flour cookies, the-level of cowpea flour replacement in

bread flour varied from 35 to 50% (14% moisture\)d The remaining ingredients and the

manufacturing proc‘édure were the same. The standard recipe had the following ingredients

and manufacturing proceduré:

‘.Ingredlents (parts by wcxght) bread flour’ (14% mmsture) 100; sugar 67; butter 45 egg 15;

salt 0.6; bakmg soda 0.6; water 7.5.

\\ . Procedire: R /\
\ g v

1.

sift together flour, salt and baking soda.
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2. mix butter and sugar in a mixer until a white, creamy mixture is obtained. - '

3. add egg and mix until homogeneous.

4. add the prepared flour and continue ‘mixing until well blended.
. R . ' i 'J : . .
put the mixture in an extruding mold and press onto a greased baking tray.

5
6. "-bake at 200°C for 30 min.

7. cool and keep in polyethylene bags for sensory evaluation

¢

3.9. 3 Puffed snack (prawn cracker)

The modrfred recme for shrimp- ﬂavored puffed snack was . used as a standardrzed‘
recipe. Cowpea’ ﬂours replaced cassava starch at 30-40% levels. The following standard
ingredients and manufacturmg procedure were adopted in the production of puffed snacks :

from cowpea flour blends

. \

Ingredlents (parts by v/exght) cassaVa starch (14% mmsture) 100; dry shrimp powder 4;

© pepper powder 3; garhc 3 salt 2.5; hot water (65 C) 54

Procedure: . >
- IR

1. mix starch, salt, pepper and dry shrimp together.
2. grind garlic and put it in hot water, then add into. mixed ingredienté.

3. knead until thoroughly mixed.

~
™~

~

\\4 shape into a cylinder with a diameter of 4 cm. - .

S}ear\n for 45 nfin, th ".'_:l,to room temperature. - . Py

I

6. slice into chips 1 mm thick.
7. dry in hot air drier at 60-70°C for 3 hr.

8. .cool and keep in polyethyl\erfe\bags.

39.4 Emulsion-type sausage I -
@ COWpea flours (dry basis) were used as a binder in a typrcal northeastcrn (Tharland)
emulsron -lype sausage to replace 5- 10% of lean pork A recipe modified at the Department of

Food Technology Khon Kaen University, by Namachal (1984) was used as a standard as.
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follows:
lngredlents (g): lcan pork 1800 hard fat 250; water 200 omon 50 salt 30; garlic 25 peppe‘r

‘o

25; fish sauce 20; polyphosphate mixture 10.
P_rocedure

1. ~cut pork and hard fat into small pieces, then Chll] toa temperature below 5C.

4
\

5

~ mince pork and hard fat separately
~ put minced pork into a chamber bowl add salt and frsh sauce whrle chopprng for- 3 min.
add polyphosphate mtxture chop for 2 min (when flours were used the)r were added 1

min after polyphosphate mixture was added). [ ‘ ® »

‘5. add other mgredrents chop for 4 min, then add minced hard fat and chop for anothcr 3
min to provide a homogeneous mixture (total chopping time is 12 min). Final
temperature of the mixture should be below 18°C. v

6. | pack about 200 g. mtxture in plastic bag, roll to a cylmdrical shape,and wrap wrth banana

7. cook in boiling water for 35 min, remove from water and let cool to room temperature.

* 8. keepin ref rigerator for sensory evaltja\tion on the next day.

395 Cowpes ‘staréh noodle (transparent noodl‘e) :

The method used by Lii and Chang (1981), wrth some modrfrcatrons was used to
prepare cowpea starch noodle. Cowpea starch (9@: by weight on a dry bagﬁts) was mrxed
with gelatinized starch paste, prepared by heating 5. parts of starch tn 120 parts of water at
95°C in a water bath, to form a dough with a glossy_; smooth surface. The dough, containing

r_approximately' 54% moisture, was placed in a stainless steel vessel ‘with botiom plate having 6
- mm diameter holes and extruded directly by gravitation or, extruded directly from a sy‘ringe
\ 'without needle, into a hot water bath (90'-95‘C) for 20-30‘ sec The noodles were .»i‘rnmediately
v transferred to cold water where they were kept for 3-5 min, then were hung on a bamboo

pole and frozen for 12 h-at -10°C. After thawrng in cold water for2’ h thc noodles were air

dried at 40"C ina hot air oven, For companson mung bean starch nood!e was prepared at the - .
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3.10 Sensory Evaluation of Cowpea Products .
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o

same time using mung bean starch separated by the same procedure.

Preference tests of all prb‘ducts‘ with respect to appearanee. texture, flavor and overallo .
aceeptability ona nine-poih'hedbnic scale (Larmond, 1977) were pcrformed bv 15 randomly
chosen, panelists. The euestignhaire used for scoring is presenred in Table A-1 (Apper\dix).

Buns were sliced into pieces about 1 cm thick. Since there were 10 samples, including
the control from the srandard recipe, the samples were tasted in rWO sessions, five samples
each, by the same p‘é[rrelis;s. In each session a control sample was\‘1nqluded in order ro double"

check the consistency of the panehsts ‘judgements. Preference in ﬂavor taste,” texture and

- overall acceptabrhty was evaluated \>

Cookies obtained from each f‘lour sample, rncludmg those from the standard rerpe.
were selected according to thexr umformxty in size and color. The samples were evaluated in
the same manner as thh the soft buns )

Puffed snack samples were prepared by deep f rymg dried chxps in hot oil at 190-200°C
and blotting on towel paper to remove excess 011, then selected and evaluated in the same

manner as cookie samples.

. ,{ “ . . .
Emulsion-type sausages were unwrapped and sliced into pieces about 0.5 cm thick

‘after they were brought up to room temperature. The samples were evaluated ifi the same

manner as buns and cookies.
Starch noodle samples were soaked in cold water for 20 min ‘before being cooked in
boiling water for 5 min, then were kept in cold water for 1 min and drained. ‘I’hc samplcs

were eval_uated,for whiteness, transparency and elasumyusmg mung bean starch noodle as a

* control.
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3.1 Data Analysis ‘ ’ co -
Analysis of variQnoé Duncan's New Multiple Range Test, and rcgmsgon analy‘sis‘
were performed on the data obtamed with the ‘aid of APL programs on the computing

- system at the Umversn, of Alberta.

o



, | 4. RESULTS AND DISCUSSION
41 Dry Processing of Cowpea Flour, Protein and Starch Concentrates

“4.1.1 Particle size of flour and its starch
Dry dehulling of red cowpeas produced about 75% yield, which was 5% lower than the
predicted yield according to the equations of Vichiensanth er al. (1979) on the dehulling and

milling of cowpeas. Based on the equations, 30% hull could be ;ssumed to remain in the

dehulled seeds. The flour obtained from hammer milling the dehulled peas had accumulative

undersize distribution, ‘determined with precipitation mefthod, as shown in Figure 4.1. It
* consisted of about 17% of particles with diameter below 15 um. Microscopic determination of

cowpea starch granule“size distribution (Figure 4.2) showed that the granules with 15-20 nm

diameter formed a majoriry of the fraction, with about 40% of the total, and those <15 um

A

represented about 25% of the total. ’

Jones et al. (1959) reported that in wheat ﬂour 2 fraction wrth particle size <17 um
was composed of pleces of free protem small clusters and detached small starch granules
which made the proporuon of total protein to starch in this f racuon hrgher than that in ¢e
total flour. They also found that starch granules with 'particle size ‘between 17-35 3
contained ‘a large portion of r'ree starch granules, and in- those with particle size >28 um
fragments of endosperm cell could be detected Therefore, the higher the proportion of flour
with pamcle size <15 um that can be produced, the greater the concentration of free protein
in that fraction. Since only 17% of the flour with particle size <15 um was obtained with a
hammer mill, remilling of the fléur to produce finer particles and, hence, more free protein
Was neceesary. Remilling of the flour with a pin mill doubled the <15 um fraction f rom 17%
to about 32%, while the <30 um fractxon:was mcreased from 50 to 79% (Fxgure 4.1).

“ The first air classification of - the <15 um fracnon wrth vane setting of 15 and feed
rate of 27 kg/h, separated about 9% of the flour into protein fracuon (PI), and the

' remaining 10% into Starch fr,action (SI). The starch fraction (SI) was .remilled‘ in a pin mill

84
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' and was subjected to another air claésification with vane se;ung of 12 and' fe;d rate of 53
kg/h. This resulted in further separation of the material into proteixi fraction (PI) and starch
fraction (SII). The burity of starch was inversed in SII, quging from the fact that only 4% of
.the particles were smaller than 15 um.

The particle size dist@mions as shown in‘Figﬁure 4.3 suggested that the condition used
in both air classifying operations provided cut sizes approximate for effective separation of
starch paniéles with >15 um c_iiameter. Starch granules of >15 um diameter accounted for
75% of cowpea starch (Figure 4.2). Even though further milling and air classificatidn of the
flour may provide protein and starch fractions of greater purity, Tyler et al. (1984) stated
that two successive millings and air classifications of cowpea ﬂdur, as e;hployed in this study,
might bé the most econémic operation for industry.

'

"4.1.2 Processing of protein and starch concentrates
) Experiments on several legume flours have proved that air classif ication is an effective
technique for producing starch-rich and protein-rich fractions from these flours (Youngs,
1975; Vose et al., 1976; Sosulski and Youngs, 1979; Tyler et al., 1981; Tyler, 1984). However,
it was found that among thesé.~ legumes cowpeas fxad the lowest protein separation éff iciency
(PSE} .value and yielded profcin fractions with relatively low protein content (Tyler er al.,
1981). Therefore, air classification was con§idered an ineffective separation technique for
cowpea flour. |

| Generally, an increase in cut-size resulted in ‘ap increase in the yield_ of thev fine
(protein) fraction, but with an increase in starch content of the fraction. This metﬁod could

.be used to improve the PSE of a legume flour without inducing a marked decline™n the

- protein content of Lhe fine fraction (Tyler er al., 1984). However, no attempt was made .in

this study to improve the PSE of cowpea flour by increasing cut point duri:g air classification

since the already low protein contents in PI and PII would be further reduced by the

\ h and other nonprotein material classified into these fractions.

’Tpiotein‘ separatiqn ef ficiéncy (PSE), and stai'ch separation efficiency (SSE) of

additional s¢
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- )
each fraction of cowpea flour- obmin;d by air classification are presented ‘in Table 4.1, Tyler
d al. (19815 ‘!ouvnd signi;'tcant differences in PSE among legumes, but not in SSE. They
attributed the difference to the efficiency of impact milling and to different milling quality of
various legumes. Tyler (1984), therefore, used PSE as an.jndex of impact milling efficiency.
The overall %k PSE of 81.44% achieved in this studyl;vas a little higher than the.78.2%
achieved by Tyler er gl (1981), while the yield of each fraction was quite similar. This
su_ggested that PSE's of the legumes that are normally low} may be ix:iproved by the ‘use 6f ﬁ
lower cut point. The PSE value of <100% resulted from thé retention .of proteinaceous
| material in the coarse fractions (SI,SII). This was evident on scanning electron inicro'gra'phs of
those fractions (see section 4.3). Lower PSE value in the second pass (Tﬁble 4.1) indicated
that efficiency of pin milling wa§ quite low in further separation of protein ffom starch
particles, Therefore, only a small amount ‘of fine protein iﬁanicles was obtained in PII after

remilling of SI.
4.2 Wet processing of cowpeas

' 4.2.1 Water absorption of peas and the ease of seed coat removal

» Soaking legumes prior to processing is i;portant as it decreases cookjng time and
. increases drained weight of products such as beans and peas used in canning process (Quast
and da Silva, 1977). Hydration of seeds causes seed coats to swell a;:id loosen from cot);ledons.
The coats can then be easily removed by squeezing or wméchanic.a] dehulling (Dovlo ef al.,
1976; Reichert et al., 1979). From a processing ﬁ'oint of view, the study of water uptake under
given conditions will provide infbrma;ion not only on how fast the absorption of water can be °
accomplished but also on how it will be affected by processing variables and how the soaking
time may be predicted. The results of water absorptioh measurements at various times and
temperatures are summarized in ‘Figure 4.4.

Duncan’s test of % water absorption by cowpeas at different time iritervals and

temperatures (Table A-2, Appendix) showed that hydration of the seeds reached saturation
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f Table 4.1~ Yields, protein separation efficiency (PSE) and starch-separation efficiency (SSE) -

- achieved by pin milling and air classification of cowpex flour. o
T LT T LT P PP PR e een e eiieeeitiecaeeeaneeaeaaraaraas .
Fraction ' Yield (%)  PSE(%)  SSE(%)
First Pass ' . v 62.80 9.4

BN .
protein fraction (PI) , 25.74
' stax{ch fraction (SI) 74.26 )
Second Pass : | 52.60 94.29

. /\;\ : — - .
‘ protg'fm:n ®m o~ [ , -
/ﬁx/ch fraction (ST) 61.53

.....................................................................................

Mmoisture-free basis
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: Flgure 4, 4 Water absorpuon curve of cowpeas soakad in" water at various temperatures and .

.-

o for vanous limes (average of triplicate determmauons) e

£ . .
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point at.about 102-_.119%, except at 55°C, after sqdking for 16, 12,6, 5 and 3 h at 23, 30, 35,

45 and 55°C, respectivelv ‘The behavior of wa/t r absorption in all legumes appears to be quite

J jsimilar in){nat seed weight was doubled, as observed with Alaska peas; black beans, brown' ‘

| beans, Cahforma small white beans cozdeas and soybeans (Molin4 .et al 19'[5 Quast and da. .,

Silva, 1977 Safa-Dedeh et al., 1978;/Kon, 1979; Wang et al., 1979; Jackson and Varnano

Marston, 1981 Srlva et al., 1981; /f-isu et al., 1983; Longe, 1983). It has also ‘been clearly

i

A

shown that temperature greatly /affects the water uptake. The higher the soakmg temperattlre _
the faster the absorption ocoUrred At 55°C the saturation point was lower as compared to
those obtained -at llwer temperatures This was .due to solid loss during. soakmg. \especrally
~starch granules whrch were vrsrblv leachmg out of the seeds. Loss of up 0 9% solrds was
found during soakmg at this temperature for 3 h, when full hydrauon was consrdered
achieved. Solub17/materrals from - legumes in soaking water consrsted mainly of mtrogenous
compounds and carbohydrates, with small amounts of organic phosphates water soluble*.
v1tamtns, 4 and Mg, and antinutritive factors’ _(Kon, 1979; Wang et al., 1979; Jackson and
VarrianoyMarston, 1981). Normally‘, loss of soluble solids occurred during soaking at any
temper/ature However, the loss was greater with hrgher temperature and longer soakmg time.
The efore to mmrmrze soaking losses and 10" save energy for heatrng hydration of gram
legumes at a temperature not higher than 45°C was recommended for industrial practlce. '
However, for household process overnight soaking at ro,om tempera(,ure woul_d be appropriate.
In addition to water absorption, textural characteristics of soaked cowpeas were also
measured to determine an optimimum soaking time necessary to minimize; the force required
to break the seed coat The first peak on tlte force-time chan (Figure 3.1) v;as taken as the - |
measurement of the minimum force to break the seed coat. The results illustrated in Figure
4 6 showed that mmrmum force was obtained after the peas were soaked for 10, 6, 5and 3 h
at 23, 30, 35 and‘45 C, respectlyely. Duncan's mean comparison (Table A3 Appendix) was
used to assist in ‘the determination of these minimum soaking times. Note that the soaking
time requrred for this purpose is much shorter than the time requrred o saturate water
absorption capacrtv of cowpeas For. example at 23 and 30C onlv 10 and 6 h respectrvely,

-
RIS
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were adequate for seed coat splitting with minimum force, while: 16 and 12 h were necessary
to saturate the seeds

)

lt is also mterestmg 1o note that at 45C soakmg time longer than 6 h mcreased the

force needed to- break the seed coat. It was h)‘ﬁothesrzed that at the relatrvely high

temperature, of 45_ °C long soaking time resulted in some leachmg of Ca?* from the cotyledon-

which may combine with pectic substances in the seed coat, making it stronger and more

" diff icult to tear. ' -

‘;4 2 2 Hull removal with a rubber-matted barley deawner and stone mills

Rexchert et al. (19“79) studred the use of a rubber matted barley deawner for dehulhng--
'. i_brown obwpeas (Vigna ungwculata var. Red Dan . Bornu) and black - eyed cowpeas (V,
ungulculata var Whrte Dan- Bornu) soaked in water\f\r\lo 12 min and found that the
deawner was very efflcnent for the purpose. However in this study a srmrlar deawner was

,found much less effecnve for dehﬁllmg red cowpea 6-1US. The seeds soaked at. 30’C for 6 and

8 K were cracked into small preces while those soaked for 10 and 12 h ‘were flattened\and the .

\
hulls were only partrally removed It appchred that the red cowpea hulls were so thlck that the

rubber- matted deawner could not Temove them as effecuvely as those of the pcas studred by
Reichert er al. (1979). In fact, 1ti»_v_{as found that cowpeahull -used in this study, which
A'constituted “about 12% vby weight of p_the seed (Srilaor‘kul,and Ngarmsak, 1979), was 3-4 times
more ‘than that of the peas used .by’ Reichert et al. '(197'9)' Moreover, Vichiertsanth et al.

'(1979) found that red cowpeas required 12 ‘h soakmg before manual dehulling, which was

cons:derably longer than thc 10 min used by Rerchért et al. (1979) in their study. It should be .

mentioned, howevcr. that even tl_rou\gh\ it could not be \used to dehull red cowpeas. the
rubber-matted deav'mer has been used very successfully as"'a thresher to separate courpea seeds
from dried pods A : L A "

Two stone mills, one wrth smooth and the other with rough surfaces were compared

for their effi rcrency in dehullmg soaked cowpeas. Tt was found that wrth stone mrlls ‘the- hulls

were completely removed from the seeds with only a few remaining intact. The dehulled seeds
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were left whole or split into halves, with a few broken pieces, the‘amount of which varied

with the adjusted clearances. The results of stone mill déhulling of red “t:owpeas are shown in
. . . o . ’

Tables 4.2-44. o | ] |

*

The analysxs of variance of the results from various treatments m stone’ mill dehulllng
experlments presented in Tables A- 4 A-5 and A-6 (Appendrx) showed that soaking txme
(6-12 h) at 30°C had no efh; on% yield, % hull rernammg. or % cotyledon loss. 'l'hns
agreed with the results of the soaking time and seed coat breaking sthdies. However, yields of
dehuiled seeds were highly significantly af fected 'by clearance’ and t‘ype’iof surface of the stone
mill. Also, \the interaction between the clearances and ’soalting time affeeted % yleld
significantly. The cotyledon loss and remaining_ hulls were "s;;milarly‘ affected by the same

'vanables v‘t«, . . .

’I'he resul(cs of % yleld % hulls remaining and % cotyledon loss (Tables 4.2-44)
clearly showéd that the stone mill with rough surfaces was superior to the one with smooth
surfaces in deh-ullmg cowpeas. ‘The oeffect. of qclearance setting on % yield, % hull remaining

and '% cotyledOn loss was indicated by the results of Duncan's test presented in Table A-7

(Appendix). The c:learances of 3.5 and 40 mm were not sxgml‘lcantly drffercnt from one

,"...

* another in provxdmg the lowest yteld of deh@lled sceds and,,hrghest eotyledon loss. ‘The yield
Y

PRI Q-Ov'_

was greatly mcreased and cotyledon loss decreax;l w,hen the‘nlearance was increased to 4 S5or

b

- 5.0 mm. However, mcreasmg. _clearances led to higher’ ‘% huu, Atemaxmng as small seeds ‘would

"move through the mill without being abrased by ‘the stone surfaces. Therefore, optimum

- clearance must be" determined by balancing % yield, % co'tyledon loss and % hull remaining

desired in the process. o | RS ' L |
Variance analysis and Duncan'*{lultiple Range Tests of dehulling results of rough’
surface stone mill (Tables A-8, A-9, %-10; A-11'and A-12} Appendix) showed that

important - parameters ‘affecting 'yield hull remaining and eotyledon loss ‘were clearance,

: ,soakmg tune and the interaction of the WO vanables This suggested that there was an

optrrnum soaking time and clearance f or optimum yteld Duncan svTest revealed that % yield

<,

and % hull’ Temaining were significantly affected by clearance On the other hand soaking
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'Table 4.2 Yields of dehulled seeds obtained with two types of stone mill",

v

.......... '..........-...............,....................-...y.s§¢.-....-....-..........
Soaking tin'{e’_ (h) )
B carance e e
6 8 T 12
35 smooth  57.0¢ 655 640b. 61.8¢
|  rough 69.bcde 70.6ab 71.6ab ° 68.8bc
- 4.0 smooth g0 - 62.8b - 64.5b 64.5bc
rough 71.5bed T.9b 74.5ab 70.5bc
4.5 smooth . . 64.0cde  72.6ab 66,1b 67.0bc .
. rough 80.6ab - 7492 786a  76.2ab
J 50  smooth - 74.9abc 72.926 74.6ab - 70.1bc
Tough 83.92 81.6a 81.6a 83.52 -

- 1 average of triplicate dégt:’rfninations;
% yield = %m(dfy wt, of dehulled sccds/qw wi. of raw seeds)
i the same letter _indicategh no sigﬁiﬁcant difference-betwgen clearances (p=0.01) by Duncan's /
P Multiple Range Test. 3

.0
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Table 4.3 Amounts of hulls femaihing in dehulled seeds obtained with two typcs of stone

millt,
Soaking time? (h)
&Zlearance Surface =~ ----- 4 ------- ‘
(mm)" type/ 6 8 - 10 12
3.5 smooth 32 @ 09 0 0.4d
rough 16.7b¢ 1.7d 1.4d 1.6d
40 smooth 20.0bc 17.5cd 1906cd  15.2cd 7
rough 294abc 193;0c9; 19.06cd -~ 18.4bcd '
4.5 smooth 32.7abc . 54.82b v m&28)13bcd -32.9abed
rough  ©  43.6ab 23.7bcd  37.4abe 43.0abe
50 smooth - 62.0a 657 56.42 50.7ab
~ rough 51.0a 49.5aLbc 50.8ab 58.8a

! average of triplicate determinations;
% hulls = 100(dry wt. of hulled seeds/dry wi. of raw seeds)

** the same letter- indicates no significant difference between clearances (p=0.01) by Duncan's

Multiple Range Test.
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Table 4.4 Amounts of cotyledon loss in dehulled seeds obtained with two types of stone vm‘iAll'.

--------------------------------------------------------------------------------------

Clearance  Surface SEECRRRED seemeenn R LT ER PP PE e RGEERTTE TP

(mm) 1ype 6 8 10 12
3.5 smooth . 35.4a 29.0a 27.2a 29.6a

rough 23.0bcd 19.8ab 18.6ab 21 8abe

40 - smooth | 32.9a6 - 30.2a 27.5a 28.1ab

rough . 21.7cde 20.2ab "17.3ab 21.7abc

4.5 smooth X 30.3abc 23.2ab 27.6; : 27.1ab

“rough | 13.5de 17.5b 14.9b 18.1bc

5.0 " smooth ‘ 21.5cde 22.9ab . 21.3ab 25.5ab

. teugh . 11.9 13.1b 13.ib 12.1c.

-------------------------------------------------------------------------------------

! average of triplicate determinations;

% cotyledon loss = 100(1-actual yield/expected );ield)

% expected yield = 100-(12.2)(% hull removed)/100

! the same letter indicates no significant diffqrencey between clearances (p=0.01) by Duncan's’

Multiple Range Test.
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 all factors into account, it could be recommended, therefore, that red cowpeas
ed for 8-10 h and dehulled with a tough surface stone mill with clearance set al

A

3.5 mm. These conditions, approximately 70% yield of dehulled seeds with 2% hull
remaining and 20% cotyledon loss could be obtained. In comparison with optimum dry
‘dehulling of ted cowpeas reported by Vichiensanth et al. (1979), this wet dehulling process
offered a little lower yield (70% vs 80%), considerably lower hull remaining (2% vs 30%) and
higher cotyledon loss (20% vs 11%). The yield of wet milled cowpeas could be increased to the:
‘%aﬁze level as in dry milling process by soaking for 10 h and dehulling through a clearance of
4.0 mm. However, in doing so the hull remaining would be increased to about 19%. which
would sﬁn be lower than that obtained from. dry dehulling. It is possible that the yield in wet
milling could be increpsed without adjusting to higher clearangg by improving the hull
separation technique, e.g. by using a hydrocyclone system. |
4.2.3 Processing of flour, starch and protein
Cowpea flour fram wet dehulling was prepared using the dehulling conditions that
provided about 75% yield and 20% hull remaining, which were similar to those obtained from
dry de/hulling method. It was assumed that by doing so the composi;ipnal difference between
thé dours milled with two different techniques would be minimgized and, therefore, their
functional prdperties would reflect the effects of the processing techniques rather than the
difference in their composition. ‘ |
Cowpea starch isolation by wet processing produced an average of 34.1% yield, which
was equivalent to 75.9% recovery of starch. In ‘comparison. mung bean.starch was isolated
from dehulled seceds in the same manner and an average of 73.7% starch recovery was

obtained. The mung bean starch recovery obtained in this-study was higher than the 55.6%

/
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obtained by the\\i_ndustry, as repcned by Edwardson and MacCormac ( 1984). The red cowpea
starch yield obta}h'ed in the pre&!:nt study was similar to those of cowpeas, chick pea, horse
bean, lima bean and mung bean reponed by Schoch and Maywald ( 1968) Lmeback and Ke
(1975), Naiviku! and D'Appolonia (1979) Lnd El Fakx et al. (1983).—

Cowpea starch obtained in the second air-classified starch fraction (SII) was from the
procedure which produced a starch yield of | .67.2% with 82.0% recovery. The results indicated
that the separation of starch seemed to be dependent on the physical characterktics of the
milled material, i.e. how fine the cotyledons were ground. The finer the peas wecc éround. the
greater the starch extraction that could be achieved. o _

Cowpea protein isolation with wet process préduced an average yield oi‘ | 19'.4%.‘ and
64.8% recovery. Although the yield was quite similar to the 17.75% obcaincd for rhung bean
by Bhumiratan‘a (1977) and 21.5% for blaclc-cyed peas by Molina et ‘al. (1976), the recovery
of procein wcs less than those of mung beans and black-eyed peas, which were 77.17 gnd 76%.
respectively. This was mainly due to the shorter time of alkaline extraction being used in red
cowpeas (20 min) as compared with 1 h for black-eyed peas. The highest yield for single
extractions of cowpea prbteih ‘was 76% after 1 h (Sefa-Dedeh and Stanley, 1979a) and 80%
for mung beans after 25 min (Shehata and .Thannoun; 1981). Therefore, higher protein

recovery of red cowpeas could be expected by increasing extrac;ioh time.

Electron Mlcroscope (SEM) and Light Microscope .
Scanmng electron micrographs qf f1 racturod whole seed are pr&sented m Figure
4.7(a,b,c.d). Mncrographs a and b show cuibryo axis (e) clearly separated from cotyledon (c) |
and micropyle (h). Seed coat appears to bc thinner at the flat side of the seed, made up
mainly of palisade cells and a .thm layer of hdurglass cells. Variations in cell size and cell wall
(w) thickness of cotyledon structure are evidek\;gih micrographs ¢ and d. St;rch granules (s‘)
are embedded in protein matrix surrounded by cél} wall (w) which provides intercellular space

(i) between the cells at non-contact face. These \‘rporphological characteristics differ among
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Figure 4.7 Scanning Electron Micrographs of fractured whole red cowpea; a, b, c and d,
showing embryo axis (e), cotyledon (c), r;licrop.yle (h), cell wall (w), starch granule (S), and
intercellular space (i), and e, f, g, and h, showing isolated starch granules of various sizes and

shapes, lobe shape (s), protein body (p), dent (d). |
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legum& and are believed to affect their impact milling efficiency. This is because structurally -
--alore rigid cell walls and strong adhesion beteen cell cor:lenu and cell wall and between
protcinaccous material and starch granules would increase *‘Lhe milling energy required. to
disrupt the cell contents (Tyler, 1984). Therefare, under similar milling cohdltions. difference
in the ef?icicncy of impact milling with different legumes will always be observed. . "o

Micro'grapm e, f, g and h (Figure 4.7) show various sizes and shapes of‘ red cowpea

starch granuIes which had been isolated with wet processing

hnique. The granules varied
' from small sph;r.jcal. to kidney shape, to large oval, and to irregﬁl r shape with two or three
lobes (s). The surface of the granules was relatively smoot owever, shallow qr‘pronoupced
furrows or grooves, none of which completely encircled the granules, and dénts (ci) were
evident on mfany granules. Protein bodies (p) were also seen onva few granules, In very rare
cases small granules were found to be embedded (inset) in larger ones. It was possible that
grahulcs with irregular shapes, especially those with grooves dents and insets, made it m‘orc
~ difficult for impact milling to ef ficiently isolate starch from the cotyledon matrix as these“
megularmes prov(éed greater surface areas for granules and protein bodies to bmd ‘more
strongly with one another. This may also cxplam the lowest protein separanon efficiency in
cowpeas obtained by Tyler (1984), as compared to mang beans, lenuls. northern beans, faba
beans, field peas, navy beans and lima beand. ! .

Light micrographs of cowpea starch (Figure 4.8a) show similar morphological charac-
teristics of the stth granules as seen with SEM. However.:the granules under the light
microscope also showed -dark bands, appearing as cracks. It has been suggested that these were
the result of internal cracks and fisSurcé‘ due to air drying of the starch (Hall and Sayre,
1971). Dents and grooves as revealed by SEM might also appear as cracks uride; the light
microscope. Birefringence of cowpea starch granules is shown as a dark cross dividing the
granule into four brilliant segments (Figure 4.8.b). The cross which appears under a polarized
microscope is charactcn‘stic of uhgelatinizeé starchqgranules (MacMasters, 1953).# ‘

Figure 4.9a shows physical characteristics of red cowpea flour obtained” Trom- dry
processing as seen under SEM. Dehulled seeds were fractured into flour consisting of free

\‘(“
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~Figure 4.8 Photomicrographs of red cowpea starch granules. A.- Light“fnicrograph;lig_

,Pdlairized-‘light micrograph. R EEE

T



F:gure 4.9 Scanmng electron mxcrographs of varxous fractions of red cowpea flour, (a) 7
whole ﬂour showing protein matnx p, attached to starch granules,-s; ( b) protem fracuon L,

and (c,d) protein fraction 1I showmg starch granule, s, among free wedgevprotvem; (c ) starch

fractiqnz'l. and (f .g) starch fraction II showing broken starch granule, s, cell wall material, w,

and (h) damaged starch in a starch fraction II is shown.
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st.uch‘gr.anules fine wedged.pr'otein (p) and smail .pieces of cell’ wall material ‘iw) -Some
protem bodies, _however, were still attached to free srarch granules (s) Air- classrf ied protem\
fractions I and II (PI ‘and PII) are shown in Figure 49(b -d). It is evrdem thal protem
‘fracuons contain very small protein pamcles with a few small starch granules (s) Air-classi-
fied starch fractions I and II (SI and SII) are shown in Frgure 4.9e--anq f, respecuvely. In Sl;~
a marked quantity of small particles of free wedged proteirr were present (Figure~4.9e). These
particles:were grearly‘ removed by seeond air classif icarion . Tesulting in a relariyely cl‘ean slarch
‘fraction (SII). Under higher magrrification some broken starch gran’hles (s)'are apparenrr
(Figurc. 4.9¢). Note thgt the su~rfaee of "starch granules obtained frorn dry. processing
technique was not as smooth as that obtained f rom wet processing'r'(Figure 4.7e-h). This is
because some 'protein matrices srill adhered to the granules, as well 'as‘*the. fact that the "
granules were subjected\ 10 strong mechanical forces during dry ~milrling; i-nﬂicti‘n'g some
- damage 1o the surface. On rhe basis of particle s,i‘ze’-separation alone, pure-starch and vprotein’
fractions cannot be achieved with air classification l_ect‘mique‘"sinc.e' both protein and starch
particles va.nr greatly S"irr size. Moreover, it is not possible ro totallv remove r)roteirr matrices’
adhered to, starch granules with available physrcal means. Therefore the purity of starch and
protem fractions obtamed with dry mrllmg is quite limited.

4

4.4 Chemical Composition -

44. l Proxlmate analysrs
Tables 4.5 and 4 6 present composmons of red cowpea cowpea flours f rom wet and
dry processing techmques cowpea starch and protem f racuons from air classification, ‘cowpea

. starch and . protein isolaes from wet method. Two drfferem_ lots of redrcowpeg seeds;were ,

used in this study --(24.8% protein seeds were for the'study on air classif ieation and 22.8%

protem seeds were for dry Inilled ﬂour and. wet processed, flour, starch and protein isolates

s am

L Compositie®/ of red cowpea seeds. was, by and large, srmllar to that found in other

cowpea cultivars by Longe (1980) and Ologhobo and Fetuga (1982), excepl""starch and sugar

A
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Table 4.5 Ptoximatc analysis of. red ycowpeaﬂou‘r.; starch and pfotein COncehtra{cs obtained

‘from ‘dry and wet processing'.

---------------------------------------------------------------------------------------

o ‘ ., Mois-  Pro- mmemesesenees
Sample O wre  tein? " Fat  Crude Dietary Ash Ca P
| @® B * ® & * - (® (%
Whole seeds (lot 1) 1237 %79 i06 3.7 230 0.10 032
Pin milled flour™ 794 2682 144 09 -~ 39 ' 006 -0.58

Protein fraction I (PI) 735 SL72 2.68 07 244 72 013 * 140" -

* Protein fraction I | 731  49.05 245 - 08 261 69 0.l 126,
(P B . | | o

‘Starch fraction 1 (S 807 1409 056 10 121- 23 004 032
Starch fraction 11 (SI) . 773 809 030 09 . 118 17 003, ;o;17 "

‘Whole seeds (lot2) 1021 2283 148 34 R 32 009 032
_ Dry dehulled flour 8.05  23.08 _1.57 : 14 16.6 2.7 0.06 . '0:55L
Wet dehulled flour 743 23.33. 193 17 159 30 007 0.60

Isolated starch (from 479 . 028 0.06 - - 01 s e
' wholé_;sAeeds)"' » | ‘ |
'Isolafted'ét’arch (from | 612 0.37 SR e 0 e

’ ‘SII) | | . | : | . | : .

Protein isolate | 727 7143 553 - .- 31 008 094

C a’veragé of triplicate _detcrminétiohs.,

! %. protein = %N‘x 6*.*2?
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- Table 46 Hydrogen ion activu;y (pH) starch, damaged starch and toul sugar comems of

whole seeds, flours, protein and starch fracuons of red cowpeas‘

L I

PH

Sugar?

- (%)

Starch?

(%)

Damaged?

Stafch

(%)

Lk L R R I I it I T . TN S

'wnc;le seeds (lot 1)
Pin milled flour
Cpn

st
o osm

o ."_Whole seeds (lot 2)
Dry dehulled ﬂour

Wet dehulled ﬂour

650

6.35

6.38
6.48

o

.6.46
-6.50

4.58
3.53

3.6

1 4.86

510 -

3n
- 3.43

| 66.25

7.83

1.97
7.18

E R R e R R A I I R A R T T T T T T A g

* 1 average of triplicate determinations.

? moisture free.
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contents, which Weie quite low when compared with twenty cowpea cultivarsl which ranged
from 50.7 to 67.0% and 13.8 to 19. 8%.. respectxvely (Arona and Das, 1976) Phosphorus in
whole seeds was found to be three times greater than calcium. Upon dehullmg, phosphorus
content was mcrcased {o. about ten times greater than calcium. The P:Ca ratio was
apptbximately the same in‘all of the flours and air-classified products, except starch fraction
‘H, which was about half as ‘mdch. Cbmposiiions 6_f whf)le sceds and flours produced by dry
and wet methods were quite similar, except crude f iber. which was reduced by about half by
the dehulliné p}ocess. Similarity of cdmpositions of the flours produced by dry and wet.
dehulling processes - showed that either process may be used ‘to produce’cowpea flour. .
| However, about 25‘?5 of sug\ars in the flour was reduced by wet prchessingi most likely due td
dissolution' in soal;innga/'ter.i In addition, damaged ‘'starch was .slightly lower in wet-dehulled
flour (7.98%‘). This. mpst be dtie to some hydration of the c0t);l'edon in the wet-dehulling
process, making the starch granules more resilient than those'_in the dry ‘process..When'
- subjected to remilling by a pin mill, damaged starch in the flour was increased by abdut" 2%,
from 8.0 to 9. 9% The level of damaged starch in cowpea flour was similar to that found in
faba bean, lentil and mung bean flours by Naivikul and D'Appolonia (1978), but less than
that of field pea starches (Vose, 1977). Damaged starch in SI was 1.5-3.7% higher than that
‘of‘ field peas (Comer and Fry. 1978), mung bean lentil, nortﬁerﬁ bean, faba‘ bean, navy
bean, lima beari ‘and cowpea starch f 'rections (Tyler, 1982).

Using air classification, protein, fat moiety, miréerals and‘sugaré were concentrated
along with the light.d fractions to ‘almost twice those of the original ﬂour.v“l‘hesc -results weren
‘ quite typical for this processing technique as observed with legume flours (Vose et al., 1976;
Sosulski and Youngs, 1979 Sahasrabudhe et al., 1981; Tyler et al., 1981) si‘nce these
components were attached to protems There was less crude fiber: but more dietarw fleI' m"(
protein fractions than in ’staxch fractions. Higher content of dietary fiber in protein fractions .
wa‘s'most likely due to fine cell wall material which was found to be concentrated in dehulled
pea ( Pisum sativurrf protein fractions, containing mainly pectic substax'lce; and hemicellulose

'(-Reicﬁert. 1981). SS'u tantial amount of damaged starch was air classified with protein
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fractions (Table 4..6). With rdmilling of starch fraction 1 (SI), more siurch and.paotein‘were‘
scpafated.'l-lowever. the degree of damaged starch was not inc.reased in SII (Table ;.6).
Increase in % starch of SII was due to- the release of more small and damaged starch granules
together with protein bodies intoiPII. The higher protein content with more damaged starch in
PIl and'}owér protein content in SII as comﬁafed to Pl and SI. respectively, was evident from

: scanhing\ electron micrographs’;hownbin Figure 4.9. *
Starch isolated from whole seeds and starch fraction II had similar purity in terms of
protem content gs compared with those obtained from wet separauon technique (Schoch and
Maywald 1968 Lineback and Ke, 1975; Lorenz, 1979; Naivikul and D'Appolonia, 1979;
Colonna et al., 1980; Sathe and Salunkhe, 1981; Deshpande et al., 1982b). Damaged starch
was not detevcted. in starch isolated from whole seed. No attempt was made to determine the
amdiaht of damaged starch» in starch isolated from SII sincea7.22% damaged _starchv was

“assumed o remain after isolation. S

| - Protein isolate atl isoelectric point contained high fat and mineral concentrations
(Table 4.5). Tﬁis indicated that proteins were still conjugated to lipids ahd minerals after
processing. However, minerallcvmém was reduced, indicating the presence df somc minerals
in soluble forms. Red cowpea protein isolate comamcd 83. 5% protein (dry ha@(s(), which was

quite similar to those of pea bean and lentil, but higher than lima bean and lowcr man faba

bean, mung bean, field pea, and chick pea (Fan and Sosulski. 1974). By using soybean

cohcentrates and isol=-S @ -rTerences (Mattil, 1974), r{olated red cowpea protein would be
considered a good <waii o ooune s and lipids as well
Amylose c.ox w .. . uttwpea and mung bean starches are presented in Table 4.7.

. The amount of an., .08« » rez owpeas was similar to that of pea bcan faba bcan higher
than that of navy beau itz <nick pea and great northem bean, and less than that found in
horse bean and pmto bean ‘(Lmeback and Ke, 1975; Naivikul and D'Appolonia, 1979; Sathe
and Salunkhe, 1981). Red cdwpea amylose was quite low when compa'red, with 22 othcr»
cultivars of -cowpeas, ranging from 20.9-48.7% (Arora and Das, 1976). Amylose in mung

bean was in the range.of 19.5 to 22.4%, as found by Kawamura (1969) and Naivikhl and

Ty ' '
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Table 4.7 Hydrogen ion activity (pH) and amylose content of red cowpea and mung 'bgan

starch’.
Starch . : ~ pH - Moisture» : Amylose
S @ @)
Red cowpea starch (from whole seeds) 6.25 L1330 24.18
Red cowpea starch (from SII) . 6.98 612
~ Mung bean starch : . 6.32 9.15 S 21.19

.....................................................................................

! average of triplicate determinations.
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D'Appolonia (1979), about 3% lower than in red cowpea starch.

4.4.2 Fatty acid profile

Fatty acid compositions of red cowpea flours, protein fraction 1 and protein isolate
are -presented in Table 4.8. Fatty acid profiles among the samples were quite similar,- with
linoleic acid (Cls:z). palmitic (C

) and linolenic (C,, .) acids being the major fatty’ acids.

16:0 18:3
Saturated fatty acids in red cowpeas (-about 39%) were higher than those in soybean (15%)
and lima bean (30%), and tﬁe same as ten other cowpea cultivars. Polyunsaturated fatty acid
' conter:t bf about 60% in red cowbeas was similar to that of soybean and lima bean and higher :
than the 52% reportedA in ten other cowpea cultivars by Ologhobo and Fetuga (1983a).

Gadoleic (C,,). behenic (C acids were also

), erucic (C.. ), and lignoceric (C

22:0 22:1 24:0)

detected in cowpeas. These acids were completely absent in soybean lipids.

Although two esséntial fatty acids, linoleic and linolenic acids, -were present as major
fatty acids, the cowpea samples, except perhaps protein isola;e, would not be considered as
good sources of essential fatty aﬁd. This was due to rather small amounts of total lipids in
the cowpea samples (Table 4.5). Slight difference in the cémems of linolenic and some other
acids betw'een wet- and dry-d.éhulled flour and air-classified protein fraction (PI) and protein

isolate may be discerned. They were generally lower in the products of wet process. The

. decrease most likely indicated the changes in fatty acids of C

14-24 19 other compounds,

probably having a lower number of C-atoms. The changes in pea lipids might occur originally
during the soaking of dry seeds prior to processing. In 89 cultivars of cowpea (Vigna
unguiculata), Truong and Mendoza (1982) found that the liﬁoxygcnasc activity varied from 30
to 397 uaits/mg protefn, with high stability even in seeds §oaked in acidic solution at pH 2 for-
10 h. Haydar and Hadziyev (1973,1974) illustrated lipid oxidation pathwaysv via cnzymat\ic
reactions, particularly of lipoxygeh'asc induced by mitochondria swelling during soaking of pea
seeds to ;roduce oxidation products. The products contfibuted to pea seed off -flavors.
However, the oxidation through enzymatié pathway could be readily stopped by heat

treatment. Haydar et al. (1975) showed that lipoxygenase. oxidation was enhanced when the
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Table 4.8 Fatty acid profile of dry-milled cowpea flour, wet-dehulled flour.' air-classified_

protein fraction I and cowpea protein isolate' (as % of total fatty acids)".

-------------------------------------------------------------------------------------

Wet

~ Fatty Dry milled dehulled PI - Protein
acid | _ | flour (%) U fléur (%) (%) " isolate (%)
14:0 0.10 0.11 0.10 0.12
14:1 063 . 034 0.59 0.66
16:0 24.68 24.69. 24:92 26.15
16:1 0.04 0.05° 0.04 0.08
18:0 . 5.28 5.28 4.7 559
18:1 ) 7.18 7.15 6.46 7.19
18:2 29.10 29.45 27.95° 29.68
18:3 22.16 21.16 209 19.77
20:0 ) 1.92 1.92 1.72 2.07
20:1 0.51 0.58 0.48 0.53
22:0 5.68 563 590 5 _36.'
22:1 o 0.37 0.21 042 0.34
2:0 | 128137 7R 113
Saturated fatty-acids - . 3894 39.0 38.79 - 40.42

" Polyunsaturated fatty acids T 59.99 58.94 1 60.03 58.25
Total . 9895  ofde 98.82  98.67

.....................................................................................

! average of duplicate determinations.
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subsuates contained both triglycerides and free fatty acids. Free fatty acids were the result of
triglycerides being hydrolyzed by lipase during soaking of the seeds. As well, volatile products
from action of lipoxygenase on linoleic and linolenic acnds were reported by Scssa (1979) to be
aldehydes, a furan and a ketone, which contributed to the grassy an beany character. This

. might explain why total fatty aaids of C in wet-dehulled flour and protein isolate were .

14-24
lower thait those of the others. Since low dry heat was used in the drying of dehulled wet

mds, whereas highly moist heat was applip\d 1o recover isolated protein, enzymatic ré;Etions
would still occur in wet-dehulled flour but not in protéin isolate. During storage, chemical
and enzymatic changes in the samples with the excepuon of \ protein rsolate would continue
dependmg on the storage conditions. Protein fraction I would exhrbn more changes than other
samples smce the product was repeatedly milled, providing more coma\ct between enzymes and
hpnds. This was evident in the study of Hinchcliffe er al. (1977) on faba bean flour and
pr‘qtgin fraétion', They found that dried pea and bitterness flavers were significantly*s;ronéer
in the protein fraction as well as '“mcreass of free fatty acids under the same stsra*ge
‘conditions. |

4.4.3 Ammo acrd proflle molecular weight, and solubility of cowpea protein

~The amino acid profile of red cowpea ﬂours protein fractron I and protein isolate is
presented in Table 4.9. The pattern of red cowpea amino acid composition was quue similar
to that of black bean (Ishino and Ortega D, 1975), mung bean (Coff: i]rnann and Garcia, 1977),
field pea and horse tean (Vose et al., 1976; Reichert and Youngs, 1978), navy bean (Patel
et al., 1980). faba bean (Marquardt et al., 1975), and other cowpea cultivars (Elias ;t al.,
1963; Evans and Boulter, 1974; Molina et.al., 1976; Onayami and Potter, 1976; Okaka and
Porter, 1979; Ologhobo and Féiuga. 1982), in which “lysine' content was high and sulfur-
containing amino ‘acids were limited. However, cystine content in-red cowpea was lower r_than’
in other legumes prcbal:dyL -due to the dxffercm analytxcal methods used 0 quantuate this

particular amino acid. Protem concenirate by air classxfmuon and protem rsolate had

chemical scores, using the FAO protein reference pattern (FAO, 1973) as standard, similar to



117

§

Table 4.9 Amino acid composinons of ‘red cowpea flours, protcm fracuon I (PI) and protein
isolate (g/is g N). -

............ \.--....-.....-...-.........-.---..--.......-..-...-.....--.....-......"..
Amino ~ Dry milled Wet dehulled Pl Protein
acid flour - flagr isolate
Aspaftic’ 11.10 11.04 11.44 11.32
Threonine 3.73 3.66 3.93 3.60
Serine 509 4.96 5.65 5.38
Glutamine . 17.71 17.16 . 18.25 1792
Proline 7.08 6.61 - 4,79 471
Glycine -~ 3.58 3.51 3.69 . 337
Alanine 4,08 4.02 4.21 4.05
Cystine? 0.79 0.75 1.01 0.89
Valine - 491 : 4.86 5.05 5.23
Methionine® 1.56 1.23 - 1.38 1.38
Isoleucine 4,08 4.14 4.23 4.36
Leucine 7.68 1.73 8.11 8.43
Tyrosine : 2.47 2.92 3.38 345
Phenylalanine 5.49 6.44 6.04 6.26
Lysine 6.70 6.57 6.88 6.66
Ammonia 1.64 1.56 1.60 1.56
Histidine 3.16 3.14 % 325 3.2
Arginine 6.33 6.16 6.97 7.17
% Recovery 97.18 96.46 99.86 98.95
S-containing a.a. 2.35 1.98 2.39. 2.27
Chemical score’ 67 57 68 65

.....................................................................................

! average of duplicate determinations.

! corrected value by factors of 100/57.27 and 100/91 88, cstablxshed in a preliminary
experiment for cystine and methionine, respectively.

* of sulfur-containing amino acid as compared with FAO ref. pattern (FAO, 1973).

.
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the dry milled flour. On the other hand wet-dehulled flour had a lower score which
indicated the loss of methnonme during wet processing, and cystine in protein isolate was
decreased, mainly due to the effect of alkali treatment (Nashef et al., 1977). '

Molecular- weights of protein subunits of cowpea flours, PI, and protein isolate, as
determined by SDS-PAGE, showed almost Mentical prominent bands with molecular weigms
between 45,000 and 65,000 daltons {Figure 4.10), which was similar to those f ound by Okaka '
and Potter (1979) From the calibration curve of MW markers vs relative mobxlmy (Rf)"in
gel electrophoresns (Figure 4.11), the highest subunit of cowpc; prbtcms in ﬂours shown in
Figure 4.10, was about 115,300 daltons. The difference in nitrogenous subunits betwccn
cowpea protein isolate and the flours was in the absence of bands with molecular wcigius of
65,000-91, 000 36000 16000 20,000 dallons and the presence of bands with molecular
weights of 24 000-29,000 daltons in the isolate. This indicated disintegration and agglomer-
ation of th; protein and 1ts’subumts. daused by wet heat processing. Dlssocxauon and aggrc:
gation of watcr:sp}uble cowpea protein after ‘heat treatment, reponegl by Sefa-Dedeh drfd
Stanley (197§a). was also evident in this study. Using differential scanning calorimetry,
Sefa-Dedah aﬁd Stanley (1979a) also found that cowpea protein underwent thermal dissoci-
ation and unfolding at 83°C. However, the unfolding temperature of 83°C was lower than that
observed for plant protein by Armstrong et al. (1979). ‘

Proteh; solubility of red cowpea flour at various pH's‘is shown in Figure 4.12. Using
water as an extraction solvent, an isoelectric point was shown at pH 4.4, which was the same
as found by Sefa-Dedeh and Stanley (19792). The progtrgfri"?&ﬁﬁﬂiﬁ»increased when pH was at
either side of this poift; however, the solubility in the acidic range was less than that in the *
alkaline range. Using the isoclectric point to coagulate cowpea protein in the wet milling
process, 91.1% of the protein was obtained in the protein isolate. The protein solubility profile
of red cowpea flour displayed a pattern similar to black bean, chickpea, fababean, Tield pea,
horsebean, lentil, lima bean, lupin, mung bean, pea bean and soybean (Fan and Sosulski,
1974; Ishino and Ortega D., 1975; Molina et al., 1976; Vose et al., 1976; Coffmann and

Garcia, 1977; Reichert and Youngs, ‘1978; Shehata and Thannoun, 1981). Using NaCl solution
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Figure 4.10 SDS-PAGE of prgtein isolate (P), wet-dehulled flour (W) and dry-dehulled
‘flo_ur ‘(D)'compéred‘ with standard gnoleculai weight marker (S). -
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Figure 4.1] Calibration curvé of ‘molecuiar weight-markers from SDS'/é/PAGE‘ o
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as atn extraction solvent, the solubility of cowpea protein was increaéed from 15. 20% to

- 55- 75% at pH 3 0 6.0 due to the effect of i ionic strength At pH 8 0 and higher solubthty of

protem in NaCl solunon was less than it was in. water ThlS was similar to t&q fsolubiltty of

o globulms from Tendergreen seeds (Phaseolus vulgarls) reported by Sun and ¢ ll (1975) The
solubrhty of cowpea protein in water was about 90% at pH 8.0 and appro&ched 100% at pH
11.0. - e

The solubility profile of protem from wet dehulled flour exhibited a sumlar pattern to
that of dry milied flour (Figure 4.13). However, its isoelectric pomt w& between pH 4 0 4.4
and solubility at every pH value, in both water and NaCl soluti?p, was higher than that of the
dry milled flour. Thi;;‘-indicated changes in protein and amino acids during wet processing .

The solubrlity of red cowpea isolate is shown in Frgure 4.14: The effect of protem'.

denalurauon resultmg from acrd precrprtauon and’ beat treatment was ref lected tn very low .

Qtem solubility over a wide range of pH. A dramatic increase in the solubihty of cowpea
1

ate was obtained when the‘pH was raised t0 12.0. Shen (1976) reported similar results with

soy protein which .indicated that alkaline solution could effl ectit;ely resoiubilize the proteins.

. The different solubility pat.t‘ern of cowpea protein isolate, as compared to that of flours,

corroborated the different patterns of protein subunits shown by gel electrophoresis.

. High solubility of vegetable protein. especially soy protein, has been considered the
most important criterion for beverages (Kinsella, 1979). Although severaldother requirementS
had to be fulfilled, undenatured cowpea protein showed a good trend in this respect due to its

high solubility at pH 8.0

:4.4.4 Tannins and- trypsm inhibitors

Tannms and trypsm ‘inhibitors represented heat stable and heat labile antmutnttve i

factors, respectively. The contents of the inhibitors are -shown in Table 4.10. Tannin content

in red cowpea was relatively low, about 3- 4 S mg/g whole seeds, when compared with 42 7.8

.mg/g (ave. 5.6 mg/g) in the other ten cowpea cultxvars studred by Ologhobo and Fetuga

(i983b). However, it was higher than: the 1.6 mg/g in winged bean (Fsophocar pus

®
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Table 4.10 Tannin and trypsin inhibitor contents of cowpea samples (moisture-free basis).

O L R A R AR R R LR R RN A

Tannin" - Trypsin inhibitor?
‘lSamplc | as tannic acid = --eeteeesereeneeeenooieaoonee s
(mgrg) TUI/mg sample TUI/mg protein
Whole seeds S 45 153 4
Pin milled flour 3.5 15.6 5347
Protein fraction I 42 3 564
Protein fraction II. | a1 318 60.1
Starch fraction I T 3.0 - 8.6 . 56.1
Starch fraction II 2.5 38 . 43.3
Dry milled flour : _ 3.0 o 11.3 43.7
 Wet dehulled flour 28 11.3 452
Protein isolate Y e - © 109
! average of triplicate determinations.
1 average of duplicate determinations.
i ~
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tetragonolobus) reported by de Lumen and Salamat (1980), and the 0-2 mg/g in pigeon peas
(Cajanus cajan) found by Price et al. (1980), who also reported no tannin in chickpeas (Cicer

arietinum) and mung beans (Vigna radiata). Fernandez et al. (1982) found twice as much

) tanmr; in black, red and whrte common beans (Phaseolus vulgans) as in red cowpeas with

9.0, 9.3 and 7.1 mg/g whole seeds, respecuvely They also found that tannins in seed coats of :
collored common beans.were 4-5 nrnes higher than in cotyledons. Srmrlarly. Elias et al. (1979) '
found lannin‘coment in one red and two black common beans 1o be, respectively, 5.0, 4.6 and
5.9.mg/g coryledons and 38.0, 42.0/ and 43.0 mg/g seed coats.

| In this study, tanmn comem of red cowpea was also found to concentrate more in
seed coats ‘the rannm content was reduced in pin milled flour upon dry dehulling, from 4. 7
to 3.5 mg/g sample. From the difference in tannin contents between whole and dehuiled
cowpea samples, tannin contenre in seed’ coat and cotyledon were estimated as 17.7 .dnd 2.9
mg/g, respectively. In air classification, some 1armin‘vyas s‘hiﬁed into the protein fractlick)ns;h

[N

however, more than half of the total amount remained in the starch fractions. The amount

 found was not expected to have serious adverse effect on the protein fractions. This was

-

supported by studies with humans on the effect of tannins in black common bean on its

protein digestibility (Bressani er al., 1982), where it was estimated'that polyphenols accounted

. for only 7% of the reduction in true protein di@stibiliry. With wet proccssirrg. it seemed that

some more tannin was removed during soaking, as was evident from the wet dehalied flour
containing less tannin than the dry dehulled flour.
Tannin content in protein isolate was the lowest. This clearly showed that wet

processing could effectively reduce the amount of polyphenols in pecas through solubilization

in water. These relatively small amounts of tannins would be reduced even further when

o

cowpea samples were part of mixed diets.

Trypsin inhibitor actiyity in red cowpcé flours and protein isolate, ranging from 9.1 to
11.3 TUI/mg.sample. was higher than in the other ten cowpea cultivars with 6.1 TUl/mg

sample (23.7 TUI/mg -protein) (Ologhobo and Fetuga, 1983b), “a'n”d was similar to 11.6
f

TUI/mg sample in cowpea produtps reported by Srilaorkul and Ngarmsak (1979). It should be

I
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noted that there were greater amounts of trypsin inhibitors and tannins in the red cowpeas
with hlghér protein content than in the ones w:h lower protem contcnt Trypsm inhibitor
content in red COWpeaS was also greater than in common beans ( Phaseolus vulgaris), winged '
bean (Psophocarpus tetragonolobus) faba bean, lentil, fleldpea mung bean, and lupin; but
less than that found in soybean, lima bean, navy bean, - northern bean and chickpea
(Marquardt et al., 1975; Elias et al., 1979; de Lumen and Salamat, 1980; Elkowicz, and
Sosulski, 1982). | o | "

Trypsin inhibitor in cowpea flour was concentrated \in‘ ihe air -classified prot’ei‘neﬂ .
fractions (Table 4.10). There was no difference in the inhibitor con.,temv t'ouﬁd in dry and wet .
déhulled flours. However, mild heat treatment in wet processing of ‘protein isolate accounted
for 75%: reduction of the inhibitor from the original concentration in flour.. The loss of trypsin -
inhibitor activity was about 2.4-times greater than that found in field bean ﬂour'adjusted to
55% moisture and heated at 70‘C for 30 min, but the loss was the same when ’the flour was:
adjusted to the same moisture and heated for 6‘0 min at 90°C (Buera et al., 1984) Accordmg '
to human studies on reduction o?dlgesubnlny of common bean proteins by Bressam et al
_(1982)[. \tryps1n inhibitors probably accounted for as much as 25% of the reducuoq ofi true
protein digestibility. On the basis of this antinutritive factor, therefore, there should be’little
problem with the use of protein isolate in mixed diets. '
4.5 Physical and Functional Properties
4.5.1 Color and density

“Bulk density and color of red cowpea products obtained from dr)} and wet processing
are prcsented\in Table 4.11. Air classification provided protein fractions less dense than the
' on‘ginal' flour and starch fractions. This indicated that cowpea protein bodies are lighter than
starch granules. Protein isolate had the highest density, which showed t£1e effect of processing’
technique in which protein was coagulated Jfrom solution and dried, producing a denser

-

product.



Table 4.11 Bulk density and color valgies of red cowpea flours, starch and

\
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protein isolate!.

......................................................................................

L-value’

a-value!

..................................

b-value?

......................................................................................

Sample ‘ ‘ - Bulk
density’
(g/lml)
Pin milled flour . 0.56
Protein fraction I 0.35
Protein fraction II 0.42
Starch fraction | 0.66
Starche fraction II g1
Dry milled flour ) ’ 0.59
Wet dehulled flour ‘ 0.57
Cowpea starch (from whole seed) ©0.63
Cowpea starch (from SII) 0.64
Mung bean starch 10.66
Protein isolate ‘ o 0.80

92:38
90.41

91.53

1 90.37
© 89.81

91.24
89.53
96.57
94.97
97.27

-1.93
-1.38

. -0.66

-0.25
-1.53

6.61
5.47

9.79
8.80
2.62

3.55

3.65

......................................................................................

' average of triplicate determinations.
? as-is moisture content.

30 = black; 100 = _perfect white.:
‘4 =fed;0=gray;; = green

* + = yellow; 0 = gray; - = blue
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4 Protein fractions had L,a,b-color values similar to pin milled flour, whereas starch
fractions exhibited stronger redness (a-values) due tp'the presence of a-greater quantity of
hull. Intensity of red and yellow in wet milled ﬂouf was lower as compared with the dry
milled flour f;om the syme lot of seeds. Cowpea and nrumg bean starches isolated from ‘whole
seeds and SII pqsscsscd:‘/similar color values, with white being the dominant shade. However,
mung bean starch had a lower a-value (green) due to pigments from seed coat. Similarly, the
color of protein isolate was affécted by the pigments from seed coat, resulting in stronger
yellow and red in the isolate than in protein fractions from dry milling. Thi; intensity of color
in protein isolate, which appeared & gyéyish brown, would affect color céf produclsv where the |

isolate was added.

4.5.2 Gelatinization femperatﬁres of the starch‘

Gelatinization temperatures of cowpea and mung bean starches observed under a hot
stage microscope at very low concenuations are presented in Table 4.12. Both starches had
similar gclitinization temperature ranges, but gelatinization temperaturesI of red cowpea starch
were slightly higher than those of mung bean starch. Compared with other legume starches,
" geélatinization temperature of red :>wpea starch was quite similar to that of lentil. yello; pea
and navy bean starches, lower than thal of lima bean, wrinkled pea, kidney bean and black
gram starches, but higher than Lhat gf"h‘ck i)ea ‘horse bean and red bean starches (Schoch
and Maywald, 1968; Lineback and \J(j— - }975; Yang et al., 1980; Lii and Chang, 1981;
thpandc et al., 1982b). When the gelatinization temperatures of starch from red cowpea
were compared with those of starches from the other five cowpea cultivars reported by
Tolmasquim et al. (1971), the initial temperatures were very similar but‘ small, discrepancies
were noted in the final temperatureé. Gelatinization temperatures of niung bean starches
found in this study were quite similar to those reported by Schoch and Maywald (1968).

~ DSC was employed to determine thé gelatinization temperatures of red cowpea starch

at higher concentrations. A DSC thermogram is shown in Figure 4.15 from which numerical

results were obtained and presented in Table 4.13. Ai water/starch ratios of 3.00 and 2.00
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.Table 4.12 Gelatinization temperature (C) of red cowpea and mung bean starches®,
Gelatinization temperature range ("C)
Starch e
N Initial (2%) Middle (50%) Final (98%)

Red cowpea, from whole seeds 64 68 74
~ Red cowpea, from SII 64 69 74

Mung bean 63 67 72

! average of triplicate determinations. )
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Table 4.13 Gelatinization characteristics of red cowpea starch from DSC'.
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Water: Dry Starch

..............................................

Heat of
ué,nsiu'on
-AH
(cal/g (

starch)

.......................................................................................

3.00
2.00
1.00

0.75

69.0

68.5

67.5

65.5

13.5

- 73.0

74.5

72.0

92

109

80.0 |

79.5

107.0

11.0
11.0

39.5

4.6
4.0

34

.....................................................................................

! average of duplicate determinations.

! not applicable.
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Figure 4.15 Differential scanning §aloﬁmcter thermograms of ~cowpea starch heated with

different water-to-starch ratios (A, 3.0; B, 2.0; C, 1.0; D, 0.75) at the rate of § C‘/min.
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(25.0 and 33. 3% starch, w/w respectr%ly) onl)b a smgle endother'n representmg a gelatt- '
mzatton transruon was observed with onsetotemperatures (To) of 68.5-69.0°C, peak tempera-
tures. of ;3 0 73 5C and meltmg pomt (Tm) of the -most perfect crystallttes at 79 5- 80 OC
At water/starch ratios ol‘ 1.00 and 0. 75 the endotherm splrt mto two peaks, thh the upper
end of the range moving to htgher temperatures The onset temperatures (To) of these - two
samples were 2-8 C lower than those of the htgher ones, while thetr first peak temperatures

(Tp,) were similar. The second peak’ temperature (Tp,) of the sample wrth water/starch ratio

of 0 75 (109°C) was 17 C higher than that of the sample wrth a ratto of 1.00 €92°C). The

'meltmg temperature of the sample with lowest morsture level was beyond the condmons -

y employed in thts study, theref ore it was not possrble to calculate its heat of transmon

As water contents of starch samples decreased the heat ol“ transmon also decreased

from 4.6 cal/g dry starch for the sample wrth 75% moisture to 3.4 cal/g dry starch for the

»‘._WQ 't s

b ds a meltmg phenomenon

sample with 50% moisture. By descnbmg gelatmtzatton of ‘st

\

: smgle endothermtc transxtton was obtamed» and hrgher heat of transrtron account

5

swellmg crystalltte melttng and extensrve hydrauon of starch molecules At low water content

mechantsm 0 proauce the ftrst endotherm Subsequently,' the water around the unmelted

crystallrtes redtstnbutes and ass:sts tl’eelr meltmg upon further heattng at higher temperatures

~producmg the second isotherm. I,n addruon}‘*’the second endotherm is beheved o occur under

R
| Wmons for which swelhng 1s not & srgmftcant drtvmg force for crystalhte meltmg or

k disruption, but for wluch melting of ordered rfegrons ol‘ amylopectm at reduced water content :

V'/r

- occurs’ (Donovan et al 1983) Therefore heat of transrtron at reduced water levels is lower

4

than at high water levels. L R . S
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Table 4.13 shows that the -Onset temperatures of the- gelatrmzatton endotherms

devrated slightly amongst different water levels however, the peak temperatures (or the first |

peak temperatures in the case of reduced wafer content) were qurte constant. Similar devratron
was observed in - melung temperature (Tm) of samplgs having hrgh water levels. It clearly
showed that the onset and the peak temperatures of the gelatmrzatton endotherms closely
matched the middle and the final gelatinization temperatures, or loss of brrefrtngence (Table
4.12). Therefore, gelatmrzauon temperatures of starch may be determined qurte accurately
with DSC endotherms -at high levels of moisture content. Compared with other legume

starches reported by Biliaderi® et al. .(1980) red cowpea starch had lower Tp and AH than

those ‘of Adzuki bean starch, but -higher than those of smooth pea and- lentil starches

Moreover To Tp and Tm of these starches did not match the gelatmuatron temperatures ‘

_determmed from the loss of birefringence. However, the rahges of temperatures determined

ﬂ.

by the two methods overlapped

-

453 Viscosity of the starch paste

o

" Pasting properttes of red cowpea starch were studred using a Brabender amylograph

and compared wrth mung bean and other starches commonly used in Thailand. Amylograms

of these starches are shown in Frgure 4.16, f Tom which numerrcal results were obtained and |
presented in Table 4. 14 ,Red cowpea starches 1solated from whole seed and air classrt‘red |

starch fractton (SII) were almost identical in therr pastmg charactertstrcs Howevert SII had

hrgher vrscosrty peak at lower peak. temeprature and higher setback viscosity, but lower

vrscosrty during prolonged heating and cooling. This dtfference was probabl) due& to the ‘
' damage starch in SII from remilling of flour durtng air. c[asStf iczyion. Accofdmg to Vose

- (1977), repeated mtlhng resulted in a sltght overall dec.rease in vrscosrty durmg the heatmg

;’?
coohng cycle with' blot'h wheat and cq,m starch'es 1solated £r m flours when compared with the

nonpm -milled controls For f‘zeld pea starch, hé found tha viscosity, of smooth pea starch

7

‘during pastmg and the. degrae/ of setback were rncreased when starch damage tncrcased

compared wrth a zero damage control but no vtscosrty increase was observed in wrmkled pea

P

e

P 24
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.Table 4.1’4 Pa‘stiné properties of red-cowpea, mung bean, rice, tapioca and corn starches'.

-------------------------------------------------------------------------------------

Temperature ("C) Viscosity (BU)
Starch ‘ pasting’ peak . peak ‘ 95°'C - L s0C setback’.
. begin end .

‘Red cowpea (whole ~ “74.0 . 885 1130 1125 1230 2010 780

seed) - - . C oL S ’

fRed'co\ypea (SI) 4.0 84.0° 1, ‘ . 2010 880

Mungbean - 710 . nil 1§90 815
. Tapioca - . '65.5 - 5.0 718 288

Rice 780 9LS A 920 395

Rice, glutineous ~~ 64.5 - 710 - 885 660 568 . 740 , IT2

L aVerage of duplicate determinations at 8% dry weight basis. =
2 temperature at which the inital rise in the curve reached 10'BU.

"~ 2 différence i in vxscosrty between 95°C (end) and after cooling to 50 C.
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Figure 4.16 Brabender amylograms of starches from red cowpea (whole seeds, A; SII, B),
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dry weight basis'. B
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Starch durmg a Brabender amylogram of 8% slurnes These results indicated that pasting
vrscosrty charactertstrcs depended mainly on sources and nature ol‘ starch. For red cowpea,
however it appeared that-the degree of damaged starch had ltttle ef l‘ect on pasting properties.

Generally, the peak viscosity, 1rrespectrve of the temperature at whrch the peak is’

: reached mdrcates the hrghest viscosity yielded by the starch during the gelaunrzatron process

“under the grven condruons of test. The relatrve posmon of the peak with respect to viscosity

of the paste at 95 q_ mdrcates how easily the paste can be cooked. Accordrng to-the vrseosrty

patterns classif ied by. Schdch and Mavwald (1968), tapioca starch showed type A Brabender

curve in Wthh granules swelled “enormously when cooked in water and the mternal bonding

forces became tenuous and fragrle toward shear che and glutrneous rice starches gave a type

'

B curve in which granules did not swell eXCesswely to become fragrle ‘Cowpea and mung bean

starches like chemically cross~bonded products exhrbrted a type C curve in which cross-

. linkages wrthm the granule markedly reduced swellrng and solubrlrzatron The cross- lrnkaée :

stabilized thev swollen granule against mechantcal fragmentation, producing no pasting pea\k

but rather a v hrgh viscosity remarnmg constant or decreasrng durin cookrng Corn starch
g

_ »showed a type D vrscosrty pattern ‘with htghly restncted swelhng because of the mternal

'ngrdrty 1rnparted by the hrgh content of assocrated lrnear molecules.

" Red cowpea starch had higher paSting vrscosrty than mung bean yellow peéa, navy

»bean lenttl wrinkled pea, black grarn horse bean chick pea pmto bean, faba bean and

krdney bean. starches but lower than lima bean and red bean starches (Schoch and Maywald

~ 1968: Ltneback and Ke, -1975\Narvrkul and D' Appolonra 1979; Yang et al 1980“ Lii and
Chang. 1981 Sathe et al., 1982) under the same condttrons Lower concentration -of red

'cowpea starch is, therefore required to produce the same vrscosrty as the other legume

starches smce thetr pastrng viscosity patterns are srmtlar However only mung bean starch is

- used extensrvely in transparent: noodle industries. It is possrble therefore, that red cowpea

“ starch could produce noodles of the same quality as mung bean starch and more economrcally.

By mixing red cowpea starch with tapioca starch at various levels, -the pasting

properties of tapioca could be ‘tailored, as 'sh_own in Figure 4.17, without chemical



138

Table 4.15 Pasting properties of red éowpea-tapioca mixedxsar.ch at various conc'enug\jons
of red cowpea starch'. R

R R R I I R R I I T TR g g S i

Temperature ('C) Viscosity (BU)
_Redconea" o e et etcaclasealecaada. S
starch (%)’ : ‘pasting®  peak peak | 95°C 0C - se‘tbac;k‘
begin end
100 — 740 885 L130 1125 1230 2010 780
80 M5 0 100 0 955 90 170 820
60 s 810 LIS 790 T35 1340 605
0 60 9.5 1100 705 605 - 1090 485
20 ©6s5 195 1,140 61s 505 900 395
o . 655 750 1480 60 430 71§ 288

! average of duplicate determinations.
-’ % dry weight.
} temperature at which the inital rise’ in the curve reached 10 BU.

! difference in viscosity between 95°C (ehd) and after cooling to 50°C.
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modification. The numerical results obtained from the amylograms are aiso-prescnted in Table
415. It wasiclearly shown that by adding red.cowpea starch to lﬁpidca starch the amylograph
curve of tapioca starch .rhey be chang‘ed'from typeA to type B. The changes in pasting
properties, except viscosity ?eak of mixed starch, correlated significantly with the levels of red
cowpea starch added and could be predigted by simple regression (-'i‘able A-13, Appendix).
These results implied that pasting characteristics of native starches may be manipulated by
judicious mixing of starches from various sources. Wxth 20 and 80% red cowpea in tapioca

starch, or instance, the mixed starch showed similar pastmg viscosity after heating 1o 95°C to

rice and mungbean starch, respectively.

. 4.5.4 Dough properties of composite cowpea flour
Dough mixing properties of red edwpea.and wheat (bread flour) blended ﬂopfs were
studied using a Brabende;, farinograph. Wheat flour for making cake and biscuits and all
purpose flour were used as reference f‘lours.._Farinograms of the flour samples are shown in
Figﬁres 4.18-4:21. Results of % water' absorption, peak time, stability, aﬁd mixing tolerance
index (MTI) are presented in Table 4.16. 77 | . h
Water absorption increased as the amount of red cowpea flour in the blend increased
up to a level of 20%, 10% for cowpea protein fraction, after which the absorptiqn decreased.
This trend agreed well ijh that feﬁorted by Jeffers et aI.‘ (_1978’) and Lorenz et al. (1979) of |
composiie pea and faba bean flours. In general, as the level of cowpea components increased,
dough'developing tfme and stability, including mixing tolerance, decreased. This indicated
that, as wheat flour substitution level increased, proper eare had 1o be taken in doegh mixing
&'cﬁtain desired products. »The same results were also repotrted in composite faba bean, pinto
bean, mung bean, lentil, great northern bean winged' bean and hersebean flours (Patel and
Johnson, 1975; Lorenz et al., 1979; D'Appolonia, 1977, 1978; Okezie and Dobo, 1980; Sathe
et al., 1981). I-iowe'yer, addition_bf red cowpea flour at levels below 10% did nel seem to be .
detrimental to the dough quality. From dough properties, eépecially with respect to stability -

and mixing tolerance index, the Tejults showed that at a level of 10% substitution with. dry
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Table 4.16 Dough mixing properties of red cowpea-wheat mixed flour and various wheat

flours.
Character-
Flour - Water Peak o : istics of
| sample - o ab'sorpti'onl time - Stability MTI curve?
,’ (%) (min.) ‘ (min.) d (BU) (typez;:'-
R \‘
Bread flour 60.9 10.5 17.5 C28 I
*'All purpose flour 567 22 .85 30 T
' Cakeflour . 589 45 39 9 m
Biscuit flour 583 15 58 63 1
Dry dehulled flour ' v S
(pin milled) o 10% - 61.7 ~10.0 13.3 32 v
20% 62.0 7.9 6.1 60 ' 111
30% 59.7 7.7 35 82 I11
- 40% 58.9 14.0 5.3 52 Y
Wet dehulled - /‘
flour 10% 62.5 8.0 11.3 45 v v
20% 64.0 5.5 6.4 53 111
30% 63.3 6.3 3.2 - 88 M1
40% 63.0 6.3 4.0 88 111
Protein fraction :
(PD) 10% . 63.4 . 135 15.7 20 V1
- 20% 62.7 13.2 7.3 45 V.
30% 62.1 16.1 7.3 30 \Y%

.....................................................................................

' amount of water required to center the curve on the 500 Brabender unit line.

? classified according to AACC (1972): :

Type I curve: short peak time and short stability

Type IO curve: short peak time and long stability-

Type I curve: medium peak time and short stability

Type IV curve: medium peak time and long stability

Type V curve: long peak time and short stability

Type VI curve: long peak time and long stabxhty

Type VII curve: double peak swayback, or dip in the early part of the curve.

)
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4.5.5 Water and oil absorption, emulsifying and foaming properties : v

L3

milled cowpea flour or protein fraction, dough mixing properties of the blended flours were
similar to- those of bread flour, whereas 10% wet dehulled flour and 20% or 30% protein
fraction blends were the same as all purpose flour. Similarly, dough stgbility and MTI of 20%
and 40% dry dehulled cowpea and 0% wetrdéhullcd cowpea blends, behaved in the same
manner as biscuit flour, whereas 30% dry debulled, 30% and 40% wet dcht:ll.ed cowpea blends |
had the same dough mixing propenies as cake flour. | ‘
By matching thg dough mixing‘propertics of the composite flours with the refétence

flours, bakery products produced from thepcbmposit,c flours might be expected to have the

same quality as those made from the reference flours regardless of color and flavors.-

However, modification of dough preparation, ®lly mixing time and amount of water
required for dough fogmation..\might be geede
, b . [ 2

. . . . -3 .
water absqrption increased with the inc JIn the level of red cowpea components in the

+blends. As well, dough conditioners and dough improvers would probably be required in the

. ¢l
blends with more than 10% substitution for making bread since gluten in wheat flour would be

!

proportionally replaced by cowpea >protein. ’
’ . L

.
H

Water hydration capécity (WHC) or water absorption and oil absorption capacity of

- cowpea flours, protein isolate and starch are presented in Table 4.17. The results showed that .

" high protein level in samples increased both water and oil absorption. Water hydration of

protein was due to ionic sites on protein chains, wheregs oil absorption assessed b_y the
meéthod in this study was attributable mostl).w to physical cntr}pment of the oil (Kinselia,
1976). 'I’hereforei bulk density of cowpea products (Table 4.11) was more atrongly.. but
inversely, related to oil than water absorption. This was suppoiieq by a correlation coefficient
of 0.85 between bulk density an'aéb oil absorption of cov;pea samples in this study, except
protein isolate, which had an exceptionally high fat content (5.96% dry basis). Wang and ‘

Kinsella (1976) also reported a cqnglaﬁon coefficient of 0.95 between bulk density and oil

absorption of alfalfa leaf protein. Water and oil absorption of wet dehulled flour was higher

t{e the maximum. dough development andg‘ ‘
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3%

Table 4.17 Water hydration and oil absorption capacity of red cowpea flours, protein isolate,

- and starch?®,

........................................................................................

| - V‘WHC_’ © Oil absorption® -
Sample v, e " (mllg)  capacity (ml/100 g)
LT R g R
Pin milled flour . . 0.88 62.4
Protein fractionI . - L BT o
Protein fraction I » S T wa
 Starch fraction 1 L om s
Starch fraction II - R " 0.73 559
Dry dch‘uiled flour e E 0.7 SR >0
" Wet dehulled flour o Coss  e6s
Starch (whole éeed) o _.0.83’ s | 58.3 »
Starch (SI) SR ~ 1m0
Protéin iSolate | A .  :~ | 165 ’W | 815
J g aveiéig'e of lripiicatg: determinations.
?as fhoisfuré;free basis. -~ *
9 as 14% moisture.” . T C - - - N
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; than that of dry dehulled and pm milled flours. This was'_l‘lproba‘bly ‘due to the effect of

" soaking in water of wet dehulled flour which induced changes in the structure and -

rearran;ement-'of starch and protein molecules. rnaking the whole Structﬁurﬁe more open for
water and oil absorpuon |

Accordmg to Sosulskr and Youngs (1979) water absorpuon of pm mrlled cowpea
flour ‘was similar to that of péa’ bean, faba bean lenul and field pea flours, lower than that
of soybean lupine and northern bean flours, and hlgher than chlckpea lima bean and mung

bean flours while oil absorption of cowpea flour was the lowest From the same study,

protem fractions of all low fat legumes except northern * bean had = water absorption

surpnsmgly lower than cowpea protein fract1on,s,// whereas water absorpuon Sr _s,tarc_}hjf racuons
of those legumes were' surprisingly higher. In"').addition .oil absorption“ of cowpea prolein
fracnon was srmralr to that of faba bean f leld pea m%ng bean and lenul protem fracuons
and that of cowpea s)arch fracnon was the same as pea bean faba bean and field pea starch
fractrons Water absorpuon of cowpea prot in 1solate was lower than r.hat found in Spray

dried prouen isolates of fleld pea and ‘horse bean . (Vose 1980), but higher than that found in

spray-, freeze- or drum)drxed protein 1solates of yellow field pea (Sumner e al 1981) Apart

uv’

- from the drff erence in protem content, tlus/; was probabl) due to Lhe degree to. wlueh protems

were changed by heat treatment. When we dehulled red cowpea flour was compared ‘with wel h
»

A

' dehulled cowpea powder prcpared by Okaka and Potter (1979) Lhe;cowpea flour had lower -
'water an 011 absorptron probably due 10" the differeénce - in culuvars “Although cowpea '

‘samples especrally high protem fractions, had water and oil absorpuons mferlor o soy bean, N

they were still supenor or comparable to some. other legume samples in these funcuonal

' propemes.'They could_ be used as meat replaceme_nt and extenders as their orl absorpuon
© would enhance flavor retention and r'eputed'ly improVe mouthfecl. With respect to thcir" water

K absorptron capacrty, cowpea protems would xrnblbe water wrthout drssolvmg, because of‘ '

msuffrcrent water and could provrde an 1mprotant fucuonal trarn foods, such as sausages :

‘custards and doughs (Kmsella 1976)

Table 4 18 presents emulsif ymg properues of . rgbcow;)ea: fractionsr Samples of high -
e _ : e
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Table 4.18 Emulsify_ing activity ‘and stability of red cowpea flours, starch fractions ‘and

protein isolate!.

......................................................................................

! average of triplicate determinations. %

-

y

Emulsifying activity ~ Emulsion stability’

e

. percent of original emulsffy_ipg aé;ivity after heating at SQ'C for 30 min.

;
() (%)
Pin milled flour - ) - b 558 99.0
Protein fraction1 EL A o5
Protein fraction I - | | 631 98.7 -
Starch fraction I' - ° 52.5 99.2
- Starch fratétion II ¢ 9.3 . 99.0
* Dry dehulled flour . 537 99.1
* Wet dehulled flour i 53.7 98.7
Protein isolate - 131 2.1
SRetaresseceme e o e S U SO AU
!



4.19. The htgher the percm contents in the samples, the greater the foamtng propert

|
i
¥

protein contents exhibited higher ernu‘lsil'ying activity than those' low in ﬁ?rdtein HOwever _

k) ‘
protein. isolate showed the .lowest .emulsion activity . due to the denaturatton of protetn All

samples, except protem 1solate had almost the same emulsron stabtltty more ahan 97.5%. Wt .

\

_ and dry dehulled flour had the same emulsrl’ ying activity, whtch was. Srmtlar t@ that of hma

bean flour, higher than faba bean and field pca flour, but lower ‘than soybean lupine,
chickpea, pea. bean northern bcan mung bean and lentrl flours’ (Sosulskt and Young 1979).

Emulsrfymg activity and stabtlrty of sed cowpea l‘l‘our were. hrgher than those ol‘ the flours

from 10 other cultivars of Phaseolus vulgaris reported by Deshpande et al. ( 1982a) when the:

l values were calculated based on the same amount of red cowpea flour. In compartson to wet

dehulled cowpea powder (Okaka and Potter, 1979) wet dehulled cowpea l’lour had: htgher

'“f’ffemuIStfymg activity than the cowpea ‘powder, with similar emulsron stabthty “For- protem--

; rs,olate red cowped had about 3-5 ttmes lower emulsifying actrvrty than pea bean and lhorse

bean protern isolates prepared by Vose (1980) and Sumner el al. (1981) This result clearly

showed the ef fect of different heat treatments on degree of protetn denaturatlon ] ll‘ ‘

The ability of 30y protem to aid the formatron and stabtltzatton of emulsron has been'

, beneftcrally explorted in some food products such as. ch‘bpped commmuted meats cake

N
batters, coffee wlnteners mayonnarse salad clressrngs and l‘rozen desserts (Kijnsella, 1979)
o

'Therefore red cowpea t'lours especrally protetn l’racuons having about 20% less emulstfymg '

acuvrty than* soy flour (Sosulskr and Garratt 1976) sbould be b_enel‘rcral 10 the”m‘same

A1

products wrtll same modtftcattons . o o | ’ "

Foamrng property of red cowpea l'lours and protern tsolate are presented m}Table

obtamed Foam sr.abtltty of all samples was quite srmtlar However foammg property and

, stabrhty of " the protem tsolate was lower as compared to other samples due- to a greater degree

Y

of protem denaturatton Foamtng property of red cowpea flour wet and dry dehulled flours,
rncludmg pin mtlled flour- but.not of protern:fracttons was lower than that of 10 cultivars of
Phaseolus vulgarrs reported by 'Deshpande et al, (1982a). Foam stablhty of soybean, pea

‘bean, northern bean faba bean lima bean and leniil flours protetn and Starch fracttons

ey e

o o '\;;’ | .‘ 150
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N
9%
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Table 4'.19 Foaminﬂgﬂ property and _stability of red cowpea flours, starch f. ractigns’and‘ protein

[

isolate’, ‘

Sample . Foaming prdperty' ‘ Foafn stat;ilfty" :
. (m) | %

"'"""."‘""""""""'"'"""""\\" """""" ;"""l' """" :-7 """"""""""
Pin milled flour _ . 43.3 . 64.9
 Protein fraction 1 o o 843 | 63.3
Prqte.in fraction II ' o : o853 l' L | 61.1
Suarch fraction 1 o sa 61.9

Siarch -fxiaciion I e 38.0 64T

Dry dehulied noﬁ; B 42.1 “ 61.7

Wet dehulled flour o B B A
Protein isolate : B o | 15.1 51.2
------------------ g
' average of triplicate determinations.

2';)t‘:rizc‘:m of original foam voiume after 1 h. %

8
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reported by Sosulski and Youngs (1979) was hrghergm ﬂ’r'at of red cowpea ﬂours protein

+

and starch’ fractrons In addrtron red cowpea flour had !he same foam tabrllty as rnung bean ‘
flour higher stabrlrty than chickpea, lupine and f1eld pea fl'ours r’eoorted in the same work.

.'Foam stability of red cowpea protein isolate was htgher than that of pea and horsc bean '

protem isolate reported by Vose (1980) though its foam expansion was lower.
Several whipping-foaming protems derived from soy aré commercially available for
+ controlled aeration of some “semisolid food systems such as frozen desserts confecttons
~ fudges and meringues (Kmsella 1979). However, it seemed that red cowpea protem dld not

possess good foaming properties because of its relatively low foamestability’,

" 4.6 ‘Bi010gical Qualityiof Red Cowpea P_rotein. 4 _
Protein efficiency ratio (PER) and protein quality of red cowpea seeds, flours and
protein - isolate are presented in Table 4.20 with analysis of variance in Table A-14

' (Aopendfx) There was no statistical‘d'ifference in PER between control casein and cooked

whole seeds and among the whole seeds flouirs and protem rsolate However PER of piotein |

isolate was the lowest wrth protem quality about half that of casein. Protem quahty of whole
seed could be tmproved from' 56 3 to 82. 3% by heat treatment. -Thrs was due to the ef fect of

~: heat on heat- labrle antmutrrtrve factors However heat treatment applted to protem rsolate

“seemed to have adverse effects on protem quality. Very low PER (1 19) of protem isolated

-

’ Ce .1'52- .

from mung beans using a sumlar processmg t,echnrque was reported by Bhumtratana (1977) -

Kon et al. (1971) reported that PER of small white bean slurry cooked at pH 3. 5 was 1.08,
‘whereas that of the m cooked at pH 6.7 was 1. 37 Similarly, Chang and Satterlee (1979)

found that PER of bean protein concentrate (BPC) obtatned by acrd precrprtatron at room

temperature had a higher nutrrttonal qualrty than dtd BPC acid precrpltated at 90°C. It was"""' '

- . . »
& . . -

L]

ssrble that the low brologrcal quahty of cowpea protem isolate was caused mam]y by he I
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Table 4.26 Protein efficiency ratio (PER) and brotg‘»n quality of COWp.ea f factions‘.

""""""""""" JE

. , | Weight - Corrected ~ i{’l{pteix‘l B

" Sample - - “gain(g) " PER? . PER' T ~ ,qgality"

‘Whole seed o 269 130 , ldl 56.28

Cooked whole seed® 43 190  206ab 82.25

Dry dehulied, flour | | 28.71 153 166be o 1 66.23

Wet dehulled flour . 39.64 160 17 69.26
“‘_Pl:otein fraction I T3s51 0 147 o 1;59bc ) 63;64

ﬁprbleiq isolate - 074, L4 - 12%c 49.35

Casein . o ose0 231 250a 100.00

1 ﬁverage of. 10 rats. | :,

. PER = weigbt gain/protein rintak.e. L :

"from 4Duncan's Mu'lpjple Ranggév"ﬁl'::st; the §amc letter‘incficétes no significant: difference

‘ : . : 0

(p=0.01). i Q
¢ protein quality = 100 x PER sample / PER casein.

3 soakcél seeds were cooked at 120°C f 6r 20 min.
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(Molina et al., 1976). As well. alkali-treated sptm 50y isoléte fed to rats for 90 days as the
only protein source in a well-bala_'nced diet did not result in any effect of toxicological signifi-
cance (Beek et al., 1974). Therefore, it was not likely that moderate alkaline extraction per se
was detrimental to biological quality of proteins. However, the a‘lkali treatment probably
induced subsequent changes on protein during heat treatment at the isoclec;x:ic‘ point ;incc
more severe alkali treatment evidently resulted in racemization of amino acids, depotymeri-
zation of protein, and fofmation of unusual amir;o acid cross-links such as lysinoalanine and
lanthionine -(De Groot .and Slump, 1969; Tannenbaum er al., 1970; Provansal el al., 1975;
Maszefs and Friedman, 1979) which decreased protgin qualify. |

With héat treatmeht at the isoelectric point and during drying, Maillard (non-
enzyfnatic browning) reaction which occurred between free-amine and carbt')nyl' groups and
protein-protein cross-bridgiﬁg betwéen amino acid residues within or between proteins mighf
be the major factors, besides amino acid destruction, responsible for low biological quality of
the prbtein isol_ate (‘Sat_ter‘lé‘c and Chéngv, 1982). These were confirmed by a‘decrease in
threonine by 3.5%, ﬁrolihe by 33.5%, glycine by 5.9% and methio-nine by 11.5% ih the protein
isolate compared to 'nét_ive prdtéin in dry dehulled flour (Table 4.9) ahd dissociation and
rcaggregation of protein subunits revealed by gel electrophoresis (Figure 4.10). In addition to
séed.coat pigments, products from Maillard reaction appeared tb contribute to ihe increase in
re'd’and' yellow colors in the protein isolate, mgasured as a- and b-values, respectively ('fablc
4.11).

It is interesting to note that essential amino acids, methionine and threonine, in the
isolate were not greatly decreased; yet its protein quality was very low. This could be ascribed
to the fact that, apart from cross-link formation, Maillard reaction ‘probably occurrgd at such

.early stages that amino acid linkéd 10 the sugar ‘could. x;ot be enzymaﬂically hydrolysed in test
animal.'Howevér, the amino acid could be chemically rccovered aftel: acid hydrolysis in the
dé;ennination of amino acids {Adrian, 197;1). According to Thompson and Erdman (1981),
excessive heat treatment of soy isolate .caused only a 14% decrease in methionine when

chemically analysed, but its PER dropped from 2.10 to 1:12 as methionine availability was
| ' T
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reduced by about 46% by the excess heat. The decrease in nutritional quality of "proteiri‘?:
resulting from Maillard reaction was not only due to the reductioh in the essential amino acids-

and the decrease in protein digestibility, but also to the su’.%pécted formation of growth”

inhibitor substances during the browning process (Kimf‘,agar et al., 1980). In addition, Cross- |

links of proteins would decrease the number of proféase-spocif_ic sites for peptidgxbond

)

cleavage and alsp serve as a steric hindrance to the proteolytic enzymes, resulting in avdecrease .

in protein dxgésnbnhty (Satterlee and Chang, 1982). Therefore, this may explam the low

quality of red cowpea protein isolate.

Red cowpea flours fed to rats exhibited essentially the same PéR as unheated soybean

" flour (Kakade et al., 1973), small white bean powders (Kon et al, 1974), autoclave-treated

field pea (Sarwar et al, 1975a), and wet dehulled and drum-dried oowpea, {Onayemi and

'P‘otter, 1976). The flours showed higher PER than mung beans, pigeon peas, lentils, red

grams and pinto beans (Kon et al., 1974; Liener, 1976). In most casés, besides destruction of
heat-sensitive antinutritive substances by suitable heat treatment, PER of legume flours and

concentrates Or isolates could be considerably improved by supp]ementation with S-containing

~ amino acrds (Longcnocker et al., 1964; Kon et al., 1974; Mattil, 1974; Lrener 1976 Onayemi

and Pottcr 1976 O’W and Potter 1979b). With farrly good bxologrcal qualxt) of cowpea
native protein compared to other legume proteins, there should be no problem in ‘using
cowpea proiein as a diet supplement. Furthermore, protein quality of cowpeas may be
imoroved by amino acid supplementation-or by suitable heat treatrnent, as with proteins™of
ot%l‘egumes.

ﬁm

@7 Sensory Evaluation of Red Cowpea Products

{

o

4.7.1 Sof\huns and cookies
The dough mlxm\‘g@pemcs of red cowpea composrte flours (see 4.5.4) indicated
their potenual use m bakery products. Blends of wheat flour.and red cowpea flour at various

substitution levels were used to make soft buns and cookies. Baking quahty and 'sensory

P _

4
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evaiuation of soft buns are preserited in Tables 4.21 :and,4.22. |

Specific volumes of all 10% red cowpea ﬂduré were quite similar to that of the
control. For dry dehulled flour, ‘increases in the amount of flour-caused decreases in loaf
volume of the buns. This adverse effect has-‘always-been observed in wheat flour substitutions
with 6ther legume ,flo'u‘rs. With i_\igher levels of wet dehulled and protein fraction flour blends,
however, no adverse veffect on speqif,'ic volume was observed. Reéplacement of whéat flour with
prdtein concentrates of horsebean, soybeén. fababean and northern bean was also found to
provide ﬁupeﬁor _lbaf volume and bread quality (McConnell et al., 1974; Patel and Johnson,
1975, Onayemi and Lorenz. 1978; Lorenz et al., 1979; Sathe ef al., 1981).

Variance analysis of sensory evaluation (Table A-15, Appendix) showed highly
significant differer:ce among the samples in their texture, flavor and overall acceptability.

Results in Table 4.22 showed no significant difference in the texture of the product between

" the control and those made from the flours substituted with any level of protein fraction or

"10% of dry and wet dehulled flour. However, the texture scores of the buns from the flour

blends were somewhat lower than that of the control. According to the panelists’ comments,

the thturé of the flour blended buns was grainy and firm. Using light microscopy and
scanning electron microscopy, Fleming and Sosulski (1978) found that the proteins in plant
protein supblgmemed bread showed no regular or linear arrangements separated by starch

gramiles as did pfotcin in wheat flour bread, and the cell walls of supplemented breads were

the wheat flour bread. They concluded that the changes ‘in internal bread structure might
a-ccoum for some of the deteriorations in breadmaking quality caused by incorporating plant
protein, "résulting in irregular crumb grains and a firm crumb in bread. |

. Although specific volume and texture score of the buns made from protein fr_action
flour blends were similar to the control, increases in the amount 6(’ the flour rcsultc9 in
decreases in both color and flavor scores. The trend was the same for either dry o-r‘ wes

dehulled flour. Only 10% substitution with protein fraction produced a bun with no significant

difference 'in color from-the control, whereas higher l’eve,ls of substitution produced buns with

" thick, having complex structures with small pores as compared with the thin sheeted walls in.
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Table 4.21 Loaf volume and protein improvement of soft buns made from red cowpea

blended with wheat flour.

Control (wheat flour)

Dry dehulled flour
| 10%
15%
20%

Wet dehulled flour
10%
15%
20%

Protein fraction I

10%

15%

20%

...................................

4.17
4.03
3.84

4.21
4.25

4.26

4.09

423

4.36

3.8
5.7
7.6

3.9
5.8
1.7

207
« 310
414

.....................................................................................

! average of duplicate samples.

! Increase in prOtéin content over the control due to substitution.

LR
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Table 4.22 Sensory evaluation of red cowpea blended soft bufxs. _

-------------------------------------------------------------------------------------

........................................................

Sample Color Texture Flavor Overall
Control (wheat flour) 8.1a 7.7a 7.1a 7.6a
Dry dehulled flour '
10% 6.7bcd 6.7ab : 6.3abc 6.5abc
15% 6.1cd 5.4b 5.7bc 5.5¢cd

20% 554 - S.6b 5.4c 4sd
Wet dehulled flour |

10% 6.8bc 6.5ab 6.2abc 6.1bc

15% - 57d  S.7Tb 5.6bc 5.6cd
20%  6.0cd 6.0b 5.5bc 5.3cd

Protein fraction 1

10% 7.5ab 6.6ab 6.8ab  6.9ab

15% 67bcd - 6.7ab 6.2abc 6.5abe
20% 6.6bcd 6.6a0  S.Tbe 6.2b

.......................................................................................

! average scores from 15 panelists using a nine-point hedonic scale; the same letter indicates -

“no significant difference (p=0.01) by Duncan's Multiple Range Test.
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progressively browner crumbs due to mcreasmg quamlty of hulls in the blends. Flavoxs of

buns produced from 10% substitution flours with exther dry or wetbdehulled cowpea flours,
and with up te 15% 'protein fraction were not significantly different from the vcontrol. With
higher substitution levels the beany flavor was more propmeed resulting iﬂ lower acceptance
scores. Overall acceptabllnty scores for buns.produced from the blends with 10% dry dehulled
flour and up to 15% protein fraction vgre not significantly different from the conLrol With
overall acceptability scores of 6 or greater being considered as positive it may be possible to

‘Aﬂ»

subsmute wheat flour with 10% wet dehulled flour or 20% protein fraction in order to fncrease

Oy ",v,\'u' .
protein content of the buns by 39 and 41.4%. respectively (Table 4 21) . ,“ ' o @

l T e
It should be noted that dough improvers were not added in, tﬁe recxpe To 1mprpve "
+ 5; ®
bakmg quahty and texture ol‘ bread supplememed with legume protem dough lbrnprovegs such
as ascorbic acid and potassium bromate were always used m Lhe reclpes (thex 1984)

" Dough improvers in their oxidized forms will react with active sulfhydryl g:;oups (R Sl‘l) The

'Y

sulfhydryl groups becgt(ne avaxlable when the disulfide lmkages of gluten are partfally ungoﬂed % ,él;
s
and stretched during mechanical development of the dought The feacuqn go'hverts the

sulfhydryl groups to disulfides (RS-SR) which strengthen the gluten net\vork (Jagkel 1977)
When part of gluten is Mced by legume proteins, adding vital glu&en Was z?lso found to v"\'
improve baking and bread qualities (Fleming and Sosulski, 1977a).. Ln addmon? ';D‘Appoloma
(1978) found that roasung the navy beans before milling lmproved both bakufg propémes and
f’lavor of substnuted breads compared with untreated flour at the same levels Breads foruf xed
with legume proteins have been shown to be more nutritious not. only becaﬁse of mcreases m |
protein content but also because of the balance in essentxal amino ac1ds (Flemmg and
Sosulski 1977b). By using dough unprovers or vital gluten =m the recxpe tOgether with |
reducmg beany flavor, it- may be possxble to produce acceptable buns wnh red cowpea
substitutfon levels of >10%_ dry or wet dehulled flour, or >20% protem fraction. Buns with '
high red cowpea substitution levels. especially with protein fraction, may be cons;dered a high

quality protein food.
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Table 4.23 Preference test of red cowpea blended cookies®.
s P;efcrencc score’ - Protein
T S
Sample ’ _ ‘ _Texture Flavor. | Overall (%)
Control (wheat flour) 7.8a 7.6a 8.1a
Dry dehulled flour \
35% 6.8abc 6.7ab 6.9ab 133
40% 7.0ab . 6.6ab 6.7ab 15.2
45% 6.9ats " 6.6ab 6.1bc 17.1
50% 7.5 C6mb 65b 19.0
| Wet dehullcd‘ﬂour' ‘_' |
35% 6.6abe 6.2bc S8 135
. 40% ,t'qécae 5.5bc 5.60¢ 15.4
45% 5.8bcd 5.9bc 5.7bc . 174
50% 6.7abe 5.7bc. 6.5 - 19.3
Protein fraction I | o
W v 4Sde . 67k “6be 62
s agef . Sbc ssbe 124
a0n 16f @ | S 7
 average scores from 15, panc;ists. é‘;q : S R

! using a nine point hedonic scale, the same letter indicates no significani diffc}ence (p;O'Ql) ;
* by Duncan's Multip]e Range Test. . _ -

-’ increase in protein content over the control dne to the substitution.

0.
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B enzymaue and chemtcal changes had taken place in wet &ehulled ﬂour and protem fraciron

/ ‘< " -
cd : B Y Lo i TR : ‘
S g O I i

For coolues. vanance analysxs of . sensory evaluatton (Table A-16, Appendix) showed that

there was ‘highly sxgmftcanq,dtfferenceﬁmong the samples in their texture, flavor and overall -

¥

- acceptabrlrty ‘The means of tpref,erence scotes are presented in Table 4 23 Texture of COOleS “

made from wheat flour substrtuted with dry dehulled ﬂour up to S50% and wet dehulled flour

161

of 35% and 50% showed no-: srgmftcant drfference from the control Cookles made f’ rom all .

N
substttutton levels of protem fraction had poor texture, descrrbed as challty and harsh.

Only dry denulled ﬂour substttuted cooktes had flavor Scores clbse to that of control -

‘This was-no surpnse smce fatty acrd prof tle Qowpea ﬂours (see 4.4, 2) mdtcated that more
1

r‘ L}

, durmg and af ter processrng, resultmg in a more pronounced undes‘rrable flavOr On the other

* hand, flavor scores of all subsmutron leVels of ‘wet dehulled flour and up to 35% protem'

- fraction, though lower*were rLot sxgmf rcantly dlfferent from those of dry dehulled flour

»coekres was 70%. and the cookres produwd from a recipe sumlar to that used in this study B

No srgmﬂcant drfference in overall acceptance scores Was noted between the control

and the samples substituted up to 40% dfy: dehulled ﬂour Slmrlarly, no srssz 1cant dtf f arenge o

‘ ,was found among dry and wet dehulled ﬂours d up to 35% protem fract.ton substttuted

L&

coqkres Overall acceptance scores of wet: dehulled ﬂour substrtuted cooktes at dlf ferent levels ’
& of substttuuon dif f ered sltghtly but drd not show any spemftc trend It could nbt be statedf'
, ‘Wrtlu:ertamty tha:t ﬂours wrth hrgher levels of subsututton produced I'ess acceptable blSCUItS

: Charoenwatana et al (1985) under the Home Processed Legumes PmJect (Thalland) showed

. t,\‘

L that higher substrtutron levels
: f

' svere rated adbeptable f the pane ists were accusromed 0 legume products or were mformed

*: 4

Lo that they were pca coolues In their wor\k maxrmum substttutton level of the ﬂour in

! ‘had an t!verage acceptance score of 5. on tﬁe 9. pornt hedomc scale usmg about 100 panelrsts

a o o F

There have been attempts tg unprove quautres of legume s.ubstttutea” cookres Tsen "

et al (1973) used surfactants parttcularly sodtum stearoyl 2 lactylate (SSL) to tmprove the

ISy

axf

dry dehulled red cowpea flout sttll produced cooktes that’

'qualtty of regular and htgh protem cooktes Natural surfactants lrke soybean or safﬂower ne

™~
et

B ._,Llecxthtn e also found to be effectrve m 1mpmvmg texture of legume protern cnnched :

‘,- R g.. ,0 e '
vv o o .'. ) ’v’ ’

-

¥ . co
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cookies (Krssel and Yamazaki, 1975' Lorenz et al 1979; Hoomt an%abrk 1984) .

. .McWatters (1078) suggested that one_ means of reducrng raw beany flavor\ m legume flours
| used in’ baked products was to treat the flours wrth morst heat Wrth f urther modrfrcatrons

.therefol‘e cookies enriched w:th red cowpea flour of up to 50% dry and wet dehulled flours |

- and lp }E 35% proterg\ fraction may be produced wrlh better texture flavor ‘and overall

Kl

atceptabrht iy, y,, Thepee kxes"mlll have about'19% and 72% mcl‘eases in protem contents when dry )

w

~and wet dehulled‘flours and. protem fractfon respectrvely, are used.

\ 1 »"‘;

G ) ” '

. ‘7 2 Puffed snack -

[N

Sefisory stores of puffed snack samples were analysed (Table A 17 Appendrx) There o
"was highly significant difference among the samples rn each sensory characterrstrc tested. The
average scores are presented in Table 4.24. All samples wrth all substrtutron levels of red :

',.COWpea ﬂours except those substrtuted ‘with any level of protem fraction, had no srgmf icant

= R

,.dlfference from the c’ntrol uf all tested attributes. However rncreases in the amount of the

Tla

-,

flours adversely aff ected the puff ed texture and flavor of the products Thrs}ags mam’ly due ‘

10 the replacemen_t of taproca.st‘arch-wrth the _flours. which diluted the strength of starch gel.-
\ - ‘Although“protei‘ns can form agel -- a three-dimensional network, involving interaction of

h

N specific groups on polymer charns or partrcles to form crosslmkages through electrostauc
- hydrop( bic, valent an‘d hydrogen honds whrch is able o' entrap the aqueous phase
(Powne ;nd Tung. 1976) - . as gan starch the protems in the flours are .not all m soluble'

~a 1]

form nor do tl%exhr it. good gelatton hke gelatm Instead soluble réd cowpea protems

AT

: \uhle"itﬁtpl-l 7 Ofwhereas about 10% of heat treated protem

i ,a}s a%sult flours would mterfere with the formatron of

gel st ructures s well as mm e'xnth; starch %r water causmg poor thermoplastic propertres_

S

of the produéts Water content rn the gels r%ay‘ also decrease below the level that can create'

o e?ough pressure to cause puffmg uw sub]&tmg dry gels to the heat shock of deep fat h v

. oy AR
cr " [ . ) T . - B2
' . . ; . . I s R » .

-

PR ¥ J



Table 4.24 Prc% erence test of red cowpea ~blended-'puff ed snacks’.

................................... Fireniveranueiensaesen e et en el
. . ‘ _’Preference sc‘:ore’v: " Protein .
’J- --------------------- RITEEE increase’
"Sample | "ll'exture ' Flavor Overall - (%) >
Comrol . 65 S8 63
Wet dehulied flour o I o ’
| " a% 6l 60 . 63 65 )
R 3% ssab - S8 602 16
S 3 "';:'4.71;‘ Sda sl | 87
- Dry dghull&@ﬂbur ’ ‘ . i o
i B S Coia 67
S0, s 7 6sb 6m . 63
" SR Y * ST 552 ;
. Protein fraction I o o | e B
o B Tam o4 144 SR
-.35% S 25 -39 - 72.8b - 168 .\
i . j"' | 9% - 29 o3 29 19.2
| Starch fraction I / | a A o N L
. 695\/ 5o 6.3a 4.0
i % 630 6da 672 . 46 _
w ) 5.‘9§b";,‘;' 622 . ,, 5.8 L5
R S g TR e e e
! avcrage scores from IS panil'gts o 7 »
3 usmg a nine pomt hedomc icale the s:me‘letter mdncates no sxéufxcant dxffcrence (p=0. 01)
by Duncan's M%&p\f Range Test. o |
' - mcreasc in prote%%;mem over the conuol due to the subshtuuon S _, i LN

3 - ) . "» .



. patented as legume chips (Kon and Dunlap..1977 1978 McWatters and Cherry.v
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frying. The combmatton of these two factors, cqnsidered to regulate the puffing properttes of

the ftnal products (Perreau 1965)r adversely affected the product texture when protein .
fraction was ‘added at the levels used. Panelists eommented thai protein fraction substituted
products were not properly " puffed ‘and did not possess. typical crunchiness.v Instead, the
products had a crispness similar to.potato chips

(ln order to make a htgh protetn snack a new product sn.mnlar to potato chips could be R

mtroduced with an appropriate reformulatron ’I‘hrs kind- ol‘ product has been tested and .
q-*

‘rhe P

1
products were generally l’orrned by: mrxmg legume ﬂours or powders with. sufl‘ icient water or -

™

1_hot water to form a paste or dough that was shaped into chips and deep fried. However
puffed products with protem increases of more than 8.6-8.7%, as obtained from addmg wet
and dry dehulled flour and more than 5. 3 W1[h starch f raction (Table 4.24) could be

vproduced by using soluble legume protem of high punty such as protetn 1solate Hahn (1978)
showed that soy&grotem rsolate (Supro 620 92% protein dry: basrs) after bemg hydrated to.

- form a- gel and frozen could be made into a cnsp cellularly textured pr.oduct that closely
'Aresembled a lpuffed pork 1ind in both flavor and texture after-deep frymg*dned gel slices
.obtamed from slow drying of the thawed gels Therefore it is conceivable that hrgh protein .

:v snacks may be produced by erther introducing a new producu or modrf,ytng'mgredrents and

formulation of exisﬁﬁg'product‘s,’ : ' . Ny ' T 7

- . N\ ) . : ] . . O
4.7.3 Emulsion-type pork sausage I : .
7 ' ' ’ :
Btnders used m sausages f unctton primarily to emulsxf y fat, bmd’ water and contrrbute
: to cohesweness of the products (Oldf teld 1978). From analysrs of vartance of sensory | .

#
evaluatton (Table A-18, Appendtx) there is-a. highly sxgml' tmnt dlf ference ‘in the f uncttonal
N -
performance of red cowpea flour pr :

'presented in Table 4,25,

At 5% leyel of starch f raction and wet dehulled f‘lour and 10% of dry dehulled l‘lour

v

" the texture and flavor of the products did not srgmf 1cantly,'dtf fer from the control. Protein

- 0

\‘ Sy
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Table 4.25 Preferenice test of the emulsion-[ypé sausage using red cow_ flours as binders!.
: ‘ v .

1165

AN
My

Q0

O R I e R I I I N R . I A I I N I Y

Controt

e _Starch fraction I+1I '

%

Protein fraction I

5% »

5%
10%

Dry dehylied flour

5%

10%.

¢
Wet dehulled flour .

........................................................

gt

Flavor Overall
7.3ab 7.3ab
\
7.6a 8.0a
5.7c¢d 4.5¢d
. . 4
6.4abc
5.8cd
'5.9¢d. .. 5.0cd
6.dbcd * .5
6.2abc “6.1bc
4.8d . %ad
B
7.5 7.3ab
6.1bcd. t 6.3abc

.....

E R U NS
I L R R A i T I R D T T I e P A A N IO WP

! average scores f rom' 15 pa'nelists

]

Ca

i'f‘

! usmg aqnnc pomt hedomc scale the samc letter mdxcates no sxgmfxcant d1f ference (p= 0.01)

by Duncan s Muluple Range Test

g

T
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fractron and protem rsolate ShGWed adverse effect on the texture and fTavor of the produ‘c‘tG

rThe products with protern fracuon afd protein rsolate were. consrdered to have dry. tough

/ &

textrue and off flavor w been suggested that: gn meat protem bmders such as defatted ‘

soy flour and its concentrate and jsolate, should be used at a level of no more than 3% of the

-Oli et,al. (1980) who found mat@m@es made with 2 or 3% added soy

K _b ‘semi - commerclal and commermal condmons coald retam the tradmonal quallty;'

~‘It was qurte clear that 1mprovement of the texture and flavor ofs the ﬁ'ﬁbts was

mainly, contributed- by starch .in the flours through gelatrmzauon af ter cookmg smce the

levels of starch fracuon wet and dry dehulled flours, however was found to be granular and

o \

mealy rather than firm and smooth Overall acceptancc scor{ indicated that 5% of st?rch .

“‘ fracuon protem fractron and wet dehulledwm up to 10% of dry dehulled flour could be
L . onl

‘ “t‘.’ '~>' By used in the product wrthout Any’ srgmfrcant d erences frorn the control For -starchy
- . materials such as flour s bmders Oldfleld (1978) recommended thaf. levels of less than 10%
» : . —

by weight of the’ sausage mix’ should be used. ¢ o

For red cowpea protein 1solate it§ low sal\ t! soluble protem (Flgure 4, 14) and low

. emulsrfrymg actlvrty ('I'able 4.18) due 10 protein dehaturation dumng processmg decreased 1ts

ability to contnbute to the bmdmg in the products. As# result poor texture of the sdusage, .

PR

' descrrbed as dry : tough grainyvand less cohesive was obtained. With a'modtiﬁed,téchnique of *

vred- cowpea protem rsolatton the solubility and emulsrfymg actrvrty can bé 1mproved Unul

o3

v DOW binders derrved from soybean have been widely used because of therr low price and_ o

as faba bean and field. pea,’ as bmders at suxtable levels has been proven sausf actory (Crarg ’

1974 Muschiolik et al., 1984). 'l‘o l@ able to use more legume protem sausfactonly. Mak-Oli ,
et al (1980) suggested t'hat it would be necessam 10 create’ new meat products wrth no

: tradruonal quallt) retjulrements
Tw \ (\ ~ 7

o

ula (Oldl‘leld 1978) m order to prevent those detrrmental effects Thts was

: hysxco chen;ncal characterrstms of the tradmonal products wrthdut the added soy protein. |

¢ product wrth 5% starch fractron had the hlghest score. Texture of the products thh hlgher ,

) relatrvely good binding prOpertres "The use of. other legume pr@ othe} than o“l seells, such

Ug" . r. § . - - Vo

ol
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'4.7.4 Transparent noodles - o - : r- ‘.

‘ i

Transparerﬁoodles were prepared from mung bean and red cowpea starches isolated ',

C,G

from whole seeds red covl'pe! st%h islated froff srgc;t fl;actlon 11, and starch fractron II.
Vanance analysrs ol‘ senso‘ry Muanon (T&ble} A 19 Appendrx) mdrw* ~sngmf1cant

dlfference among the samples m thelr svhr i ,s, uansparency and elastxcnty The averag:;,

' sensory scores fo the products are presented in Table 4..’{@1 w:th murlg | : a’ﬁ* :
v - ‘ ) § PR *oy : ° 3 ‘ 'AK CEINR - PPXY
& ~o control ‘ SRR :
N .‘:%' N
* Noodles from mung bean and red cowpea starches had no sngmfrcam drfference in all -
X tested auributes. Cowpea noodles. from ‘starch fraction II fsolate were found to have smaller  °
. /@ X . 5 - .

) diameter than “the rest due to ertperimental deviation during extrusion of starch paste. This
pro,baﬁly caused thé’products to have higher transparency a'nd lower elasticity than those from - *

¢ whole seed starch isolate. In addmon damaged starch about 7 22% in'SII (Table 4*’ )

could also contnbute to the weakening of the gel stren}th due to leaching of amylose into
water dunngypregelaumzauon of noodles and durmg cooking preparauon .

B . . ’ i .
, Red cowpea starch exhxbtted similar pasting propertres and proﬁuced transparent .

noodlcs” srmtlar quality to mung bean sm (4"’ “reedxwrth Lii et al. (1979) who

suggested that an ideal starch for noodle manufacturing should have restncted swellmg and
k . ' , hlgh hOt paste stablllty in Brabender vrscograms For mﬁong transparent noodles red cowpea
' starch appear* to be better tl"n pea smrch AVred “bean starch, which were found{ to
". produce mfenor noodles to mung bean staml‘e; al., 1979 Lii and Chaflg. 1981y~With
_less puszity (only 70. 61% starch content Table 4.6), red cowpea starch fractlon 1 f;rorn air
' classxflcauon produced n86dles o&mfenor qualxty The remaining . se(ed\coat was -the major ¢
detnmental coptributor to poor quality of the noodles. However"the a1r -classified starch may o
%roduce ot.her kmds of noodles with acceptable quality. For mstance there 1s a*new popular‘ _
L : .= - type of cgg nood}e wrth green color made from wheat flour sO- called "jade noodles”.
| .. Without the necessrty of transparency, smch fractron I noodles fortified thh green colorant
should be able to offer a sxmtlar or hew type of Jade noodles smce the noodles made f rom

-

thrs starch had fairly acceptable elasueuy : L “ : .
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» Red cowpea starch nsolatcd

v

from ‘whole seed

Red cowpea starch isolaied |
from starch fraction II
Starch fracgion Ii

.................................

! average scorés from 15 panelists

' ‘ "iu)"‘
? using a nme point hedomc ng:ale the same leuer mdxcates no sxgmf ncant dlfference (p 0. 01)
by Du'lcan 's Multiple Range Tesl o ’ . o .
‘1“ ) ) i . T s ‘
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S&NCLUSION | P

Red cowpea seeds were relauvely high in protem compared with othﬁon oil legume

seeds Red cowpea flour as Well as protein ?df starch components- can be prepered by enther :

dry or wet processmg techmque Wet dehd ing of the seeds usmg a stone mxll with rough

surface was derphstrated 1o be supenor 'd%‘dehullmg in removing seed coats,

\

sumlar yreld of dehulled seeds to the dry process Cotyledon loss was higher wrth wet |

-dehullmg However, 1mprovement of dehulle#eed separanon technique might reduce the loss.

Protein and starch components prepared by double air classification did not have hrgh punqe

due to phys:cal limits of the techm:;ue The efficiency of protein and starch separauon was
81 44% and 94.04%, respectrvely, which w‘ag"consrdered 10 be low, especrally for separatxon of
protein. Togcther wuh protern component fat/ ‘dretary fiber, mmerals and sugars as well as
trypsin inhibitors, were concentrated during air classification. Protein and starch«:ompouems

prepared by wet processmg° techmque were purer partxcularly the starch component. More

: hxghly punf ied components could be obtaihed from wet -processing by repeatmg the separatnon

steps. No damaged starch. was found from: wet: processmg, however. changes of isolated
proteins in their bxologrcal_and f unc'\trqnal propemes were observed. Morphological character-
istics of flaurs smd starch also supported these vphysical changes. | | |
‘Generally, chemical, biojogical and functional properties of sed cowpea flours, protein
and starch were srmilar to other legumes. Amino acrd and fatry acid profrles of ﬂours and

protem concentrates from both wet and dry processmg techmques were similar. However,
enzymauc changes. m wet dehulled f‘lour and 1solated- protein were reflected in the farry acxd
profile, indicating developmenr of off- flavors These change'§ inflicted 1nfenor sensory quality
to the products rnade from wet dehulled flour as*compared -to- those from dry processed
flours. SDS- PAGE and protein solubrhty showed . that protein 1solated by wet proc sing

technique was denatured and drsmtegrauon and agglomeration of the protem. occurred,
. . E - . .

' ,'resuldng in loss of its biological- quality, ernuISifieari'on acriviry.. and f3#ming property, but

- \ . | ‘ 0 . ! . . . s o .
increasing its water and oil absorption. By mixing various levels of red cowpea starch, pasting

prgperties.of tapioca starch could be manipulated. Functional properties of red cowpea flours,
‘ 19 v

()

«
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. - .
red cowpea-wheat composite Tlours and ‘red: cowpea starch indicated their potential uses in

food products. ‘

i Without ahy modification of snapdard produci formulations, ‘accepuble products were
produced using red cowpea flours and starch. For soft buns, it is possible to substitute wheat
flour with 10% wet or.dry dehulled‘ﬂodr or 20% protein fraction. Higher levels of red cowpea
flour subsutuuon e.g. 0% dry or wet dehulled flours- and, up 1o 35% protein fracuon can be

used to produce hngh protem COOkleS Also high protem puffed snacks can be produced by

usmg starch fraction I+II protein. fracuon f or wet dehulled ﬂdﬁr at the S% gvel or dry

dehulled flour as bmders at the 10% lev,cl by wenght of lean pork in emulsion-type sausagcs

T,

the products showed no significant difference in overall sensory evaluation from the control

o

Fmally, red cowpta- stareh can be used to produce qansparent noodles with the same qualuy

..g.

as thosa made from mung bean starch.

~The amoums of red cowpea flours and protein concentrate used in the formulation of

- these-products can be increased by mddification of the ingredients and reformulation. The

modification may also include processing methods in order to redudg beany flavors and

improve functional properties. especially of isolated protein..
. E L]

‘ ‘replacement of taploca starch with 40% of starch fraction I or wét or dry dehulled flour. By

3

+
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" Table A-1 Questionaire for sensory evaluation of product made\with cowpea flour, protein or

---------------------------------------------------------------------------------------

Product: - . [

Name:
Date:

Scoring Method: Evaluate these sarhples and give appropriate score for each attribute of each

sample.
9 = liksféxtremely - | : “ * dislike-slightly = 4
8 = like very much , . ' ‘ dislike moderately = 3
7 = like moderately dislike very much = 2
6.= like slightly . dislike extremely = 1
5 = neither like nor dlshke ‘ ~
~
Sample no. Color! Flavor! 4Texture‘ Overall Acceptability
Comments «
.o A s
, ;o ] @
! for cowpea starch noodles these attributes were rcplaced by. thteness Transparency and
Elasticity. A ) , e .

2
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Table A-2 Water absorption (%) by cowpea soaked at various temperatures and for different

times’.
Soaking temperature (‘C)’

Time (h) ceeeerr e

- B . 30 35 - 45 55
2 1.6h 9.2 20.2¢ 544 893
3 | 4794 . 95.6c 91.1ab
4 9.3 543 80.5¢ 1103.4b 92.5bc
5 97.5b 106.32b  93.3bc
6 A 91.5d . 102.1ab; §, 1093 94.7c
7 L . , 103.8a 109.6a% ., . 94.5¢
8 3.7 105.0c 10542 10908 93.7bc
10 1944 10696 -
12 92 - 109.1ab 105.7a
4 10106 110.2ab
16 104.22 111.9a
8 104.92
20 - 105.1a
2 105.3a ‘
* average of triplicate determinations. . A ‘/

;
7

R NV — :
~ 3'the same letter indicates no si%nificam differérice (p=0.01) by Duncan's Multiple" Range

* Test, . _ | ' ]
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Table A-3 Force (kg/g seeds) required to break seed coat of cowpea gpaked in water at

various temperatures and time intervals',

‘ . Soaking temperature ('C)? . PR
Time (h) R SO
23 30 3 45
2 39.42 37.3¢ 13.0d 7.4
S
3~ 9.8¢c 5.1bc
4 ) 39.5a 8.4b 5.0b 4.8c
5 | 4.52b" 5.0bc
6 11.6¢ - 4.22 4.3ab 5.2bc
7 4.3ab 5.7b
8 8.4d 3.7a 4.1a 6.7a
10 -5.2b 3.3
12 4.7 3.5 3.6a
14 ) a3 3.4a
16 4.3b 3.1a -
18 4.1b .
20 4.1b
22 '4.3b

I I I T R . I I T I I R LI I T T T A A LI T A A A I I I NPy

! average of triplicate determinations. . . .

-1 the same letter indicates no significant difference (;5:0.01) by Duncan's Muliiple Range

Test,
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»

i .
Table A-4 Analysis of variance of % yield of red cowpeas dehulled with two types of stone
| | .

emscsueccnenne P R R R R R R I R R R E T S Gy

DF s MS F
1 21026 2,102.6 116.17%
ke 3 a6 15.9 <

Clearance (C) . 3 2,145.2 5.1 39.51%¢
Tx ST | 3 © 802 67 . 148
TxC 3 2 4«
STxC 9 100.0 - <1
TxSTxC 9 1628 181 - 6.24%
Error - 64v - 184.6 . 2.9
Total { 95 4,830.2 ’

** highly significant difference.



Table A-5 Analysis of va}(ance of % hull remaining of red cowpeas dehulled with two types of

stone mill.

--------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------

Type (T)

Soaking Time (ST)
Clearance (C) _.
TxST

'f xC

STxC

‘f xSTaC

Error

.....................................................................................

B T R L R T T I I e . L I I SR AP PY

** highly significant difference.

58.6
866.1
38,680.5
1,370.3
3383
229.7
1,259.0

58.6
288.7
12,893.5
456.8
112.8
25.5
139.9
10.8

198

<1
2.06

.27

. ‘]

<1

\<1

12.90°*

92.16%
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Table A-6 Analysis of variance of % cotyledon loss of red cowpeas dehulled with two types of - |

stone mill.
Source DF SS MS F
Type (T) 1 © 2,480 2,448.0 - 191.25°°
Sqeking Time (ST) ¢ 3 105.7 35.3 2.75
Clearance (C) | 3 921.3 307.1 23.99%
TxST 3 ‘ 41.5 15.9 1.24
TxC 3 11.5 Y <l
STxC ’ 9 132.0 147 1.15°
TxSTxC 9 114.7 12.8 . 4.5
Error | 64 1919 1.0

) ",3\_‘\ ,
Total 95 3.972.6

......................................................................................

** highly significant difference.



bmparison of % yicid. % hull remaining and % cotyledon loss of red cowpeas

clearance setting of two types of stone mill’.

-----------------------------------------------------------------------------

e ‘ 9
PClearance (mm) % Yield % Hull remaining % Cotyledon loss.
.--II.--'---...---v‘-o-.o‘-.----‘---'D-l.-; ----------------- i ------------------------ {.-
| :

35 65.7a v 33a 25.6a

40 67.6a 18.3b 25.0a

4.5 72.5b " 37.0¢ 21.5b

5.0 77.9¢ 56.9¢ 17.8¢c

.....................................................................................

! the same letter indicates no significant difference (p=0.01) by Duncan': Multipie Range

Test.
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Table A-8 Analysis of variance of % yield of red cowpeas obtained from dehulling with a

rough surface stone mill. a ) .

.................................. R O AU
) &

Source DF » SS MS F

Soaking Time (S), 3 34.1 114 131

Clearanice (C) 3 44.46°°

SxC 9 s8%

Error 32

Total 47 1,321.7

*¢ highly significant difference.
\
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1

 Table A9 Analysis of variance of % hull »rér‘ypiniqg of red cowpeas obtained from dehulling
" with a rough surface stone mill: o ' ' ‘ s

desiesessenscidemesioesmcunesmantonreiacarenbetaesannensearm e enae s esernansamnmsne

Source DF SS MS F

. | ‘ ' o . ‘ ’ . . o g . . : = ‘ R .’v ' . N . : ‘
Soakinig Time () .. .-~ 3 1,310.1 467 1.58%
Clearance (C) = o3 1626870 smL9 . sl
SxC 9 Tosi1 516 10.29%
‘Error 2 179.7 5.6 :

Total SRR 18,273.6

.......................... e e e e T e L

** highly significant difference "

SR o
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>

Table A-10 Analysis of variance of % éotyledon loss of red cowpeas obtained from dehulling

with a rough surface stone mill, -

3 7%_"‘"""“"‘""""""""’""""""""""""“'""""'"”“""“""“"',‘
" Source DF Ss MS F
................................................ Weeeeeeecscecrectocccesccsaacncaneonn
. o . e :
Soaking Time (S) | 3 359 120 . 129
~ Clearance (C) - 3 | 5416 180.5 19.4i°
SxC 9 - 839. 93 463
Error E 64.4 2.0
Total 7 47 725.8

e ermmrsmmsamcerccsmecasmrecne e s s e m e et et e s e e R s Tt e e v e e e e e r e S A e N et

** highly significant difference.

“ " : | 203 |
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Table A-11 Mean comparison of % yield, % hull remaining and % cotyledon loss of red
cowpeas as affected by clearance seﬁting of rough suff ace stone mill' ~

...... G mecedascemcescceceobecmsreasaeesestononbnescaanubsuse et e e e ar A~

Clearance (mm) % Yield % Hull remaining % Cotyledon lo:
. T0a .53 208

40 | L Tla o a4 0.2

4.5 = 7766 369 -  16.0b
5.0 82.6¢ 55.0d 12.6b

......................................................................................

Test.
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Table A-12 Mean comparison of % hull ‘remaining of red cowpeas dehulled with a’ rough .
surface stone mill as affected by soaking time!. . N
------------;---.--------‘--.-----I-----.----'-..--.-l------o-‘- ----- (;} .................
Soaking time (h) .% Hull remaining

6 37.7a 5

8 23.5b |

10 27.1a

\

! the same letter indicates no significant difference (p=0.01) by Duncan's Multiple: Range

Test.
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Table A-13 Regression and correlation an_alyses of pasti:ig properties as a function.of %

cowpea in the mixed starch.

Indcpendcnt

variable (x) _

P N A o I R R R R R N

Regression

P L N RN RN RN R R P L LR R E R R R R R R R

Pasdné Correlation
property (y) coefficient -
¥
Temperature S
E pasting 0.9068**
- peak 0.9606%
© Viscosity ‘.
-peak -0.6711
- 95°C begin 0.9791°*
- 95°C end 0.9676%*
-SC 0.9895%

'y

= 63.81.+ 0.097x

y = 75.36 + 0.118

510.95 + 5.61x

y = 35310 + 7.7

Yy = 639.90 + 1323

T L L R R N Y il A LI R A IR

* highly significant.



- ‘ “ . T & ,‘w :":,q
e o
Table A-14 Analysis of variance of PER. | = n
(AR N R LR RN TN TS T ‘-‘o-~~-:‘-~--- ------------ Seesaw '.»-i-...'.
Source’ DF oss MS F °
t A . , ) . N a . ,'“)
Treatment 6 9.11 1.52 8.94°¢ \(‘) ,
. o v »,
. (cowpea
samples) | 4 *
Btror © 63 10.64 0.17
Total 69 19.75 ‘

L R R R R I I T T T T T T i

- * highly significant difference.
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Table A-15 Variance analysis of soft bun sensory evaluation.

N " L LR R T PP

Treatment .

Error

" Total

-

S:)urce DF
Color.
Treatment 9
| Error 140
Total SRR )
__Teiture
. J ,
Treatment - 9
Error 140
t 149
9"
140
149

85.8
203.3 .
289.1

64.3
234.3
298.6

4.6 .
‘213.:7

258.3

1.7

MS - F
9.5 6.33*°
1.5

']

71 4.18%
R

5.0 o333

1.5

9.9 7.07**

cemeremsamencacsucnanosrsasarasncrsascdiacacsaccrrtsaaasnssen oo unsanosomenoaranoannn
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R o .
Tdble A-16 Variance analysis of goagie-sensory evaluation.

.....................................................................................

3
Source DF s MS _ F
Texture . - ‘
Treatment O B 273.4 24.9 13.83% -
Error 168 296.7 1.8 | ‘
Total L 179 5701
= ;
Flavor v 2
Treatment 1 162 . 106 5.30%
Emror - | 168 333.3 20
Total 1 a9
 Overall |
T;eatméﬁt on 819 . 8.0 4.71%
Emor  ° s 289.7 1.7
Total 179 377.6 :
.............................................................................. RS
" "’\‘@ghly significant difference. - . 3
\ Y



~Table A-17 Variance analysis of puffed.snack sensory evaluation.

210

................. U SOOI
Source Df SS MS F
Texture }

Treatment 12 375.7 | ‘ 31.3 10.43%*
Error i82  549.3 3.0 |

Total 194 ' 9250

_ Flavor

Treatment 12 175.0 146 7.68%°
Error 182 3440 1.9

" Total 194 519.0 |

Overall

Treatment 12 413.3 34.4 12.74%
Error 182 - 4853 2.7

Total 194 898.6

P I I I I I I I R T T T T T T T Y e S U U

*¢ highly significant difference.



Table A-18 Variance analysis of emulsion-type sausage sensory evaluation.
-

M A R R R I I L L L Y

......................................................................................

Source ) DF
Texture

Treatment 10
Emor 154
Total 164
Flavor

Treatment 10
Error . 154
Total " 164
Overall e
Treatment 10
Error "\ 154
“Total . 164

304.7

596.3
901.0

107.2
265.4

372.6

289.7

440.8
730.5

30.5

3.9

10.7
1.7

29.0
2.9

7.820¢

6.29°°

" ** highly significant difference.



jance analysis of transparent noodle sensory evaluation.

-------------------------------------------------------------------------------------

DF

s

....................................................................................

Whiteness
Tr_ca'tniém
Error

Total

Transparency
Treatment
Error

Total

Elasticity
Treatment
Error

Total

56
59

56
59

3
561
- 59

314.6 -
5.1

389.7

332.2
86.0
418.2

41.7
137.2
178.9

-------------- LR R R I A R L I I R R e I N L R A AP Y

** highly significant difference.

ot
MS | F
1049 - 80.69°°
1.3
© 107 73.80%*
1.5
13.9 5.56%%
2.5



